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ENERGY OF CONDITIONAL INSTABILITY! 
By Watter Lirrwin 


[Flugwetterwarte, Danzig-Langfubr, January 1936] 


The investigations by Margules and by Shaw provide 
a theoretical foundation for the calculation of the ene 
of atmospheric instability associated with a given distri- 
bution of temperature and humidity: 

By the tephigram of Shaw (1), the energy liberated 
through the ascent of a small element of air of density p in 
an unstable layer (density p’), is evaluated; the energy 


per unit mass is , 
Jo 


in which g is the acceleration of gravity and z the height. 

This evaluation, however, gives no information as to the 

source from which the released energy is derived; the dis- 
tribution of temperature and humidity remains unchanged 

by “y thermodynamic process on which the evaluation is 
ased. 

Margules (2) calculates the amount of energy freed 
when a readjustment takes place in an isolated mass of air 
that initially is in unstable equilibrium. The air is bounded 
laterally by rigid, nonconducting walls, and above by a 
weightless piston; the transition to a stable end state 
takes place through vertical restratification, whereby the 
piston is raised. Since no external ene is available 
all the released energy comes from within the closed sys- 
tem considered. Margules calculated, for both the initial 
unstable condition and the final stable condition, the 
amounts of potential, internal, and kinetic energy of 
which the entire energy content is composed, and thus 
obtains the source of the liberated energy. His funda- 
mental equation is 


(P+ U)—(P’+U’)=K+A, 


where P, U, K respectively denote potential, internal, and 
kinetic energy, and A is external work. 

The results of Margules have clearly shown that ene 
of instability determined by temperature distribution 1s 
of great importance for energy transformations in the 
atmosphere. Margules’ calculations relate almost exclu- 
sively to dry air; the results of an extension to humid air 
differed only slightly from those for dry air. On the basis 
of these results of Margules, it has come to be generally 
thought in meteorology that energy of instability in the 
atmosphere depends essentially only on the temperature 
distribution, and not on the water vapor content. 

From the tephigram, however, Shaw and Refsdal (3) 
have been led to a different conclusion. Refsdal has 


' Translated from the German by Charles M. Lennahan and Edgar W. Woolard. 
123291—37——-1 


(1) 


shown that energy of instability also frequently exists in 
an unsaturated humid atmosphere, even though the strati- 
fication is stable with respect to displacements of dry air. 
According to Shaw and Refsdal, energy of instability 
materializes from several temperature stratifications only 
in the presence of water vapor. 


This difference arises from the difference between the 
thermodynamic processes which form the bases of the 
calculations by Margules and Refsdal. The writer here 

resents detailed calculations of energy transformations 
or processes so selected as to include the cases of both 
Margules and Refsdal. First, the calculations of Margules 
are extended to conditionally unstable stratifications, and 
thus the agp of water vapor for the supply of 
energy clearly shown. Next, the relation between the 
calculations by Shaw and Refsdal, of the energy for an 
isolated ascending element, to the calculation by Margules, 
of the total supply of energy throughout a large closed 
system, is shown. 


ENERGY SUPPLY IN CONDITIONAL INSTABILITY 


To extend the calculations by Margules to conditionally 
unstable stratifications, we may use essentially the same 
procedure: A portion of the atmosphere is isolated on all 
sides by rigid walls, and above by a weightless piston, and 
this closed system goes from a labile to a stable stratifica- 
tion without exchange of heat with the environment. 
The amounts of each of the forms of energy are calculated 
for the initial and the final states, whence from the energy 
balance one can then determine the source of the energy 
released during the transition. 

In the following example the temperature and the 
humidity distributions are so selected that in the absence 
of condensation no energy can be released. Now, by 
taking account of condensation, however, it is found that 
energy is set free; and this condition must therefore be 
attributed entirely to the influence of the water vapor: 
The initial state is specified by the following values. 

Surface pressure, ~)>=1000 mb; pressure at the upper 
boundary, p,=700 mb; surface temperature, 7)>=296.72°; 
virtual temperature at the surface, 7,,=300°; humidity, 
100 percent throughout. The density distribution is so 
selected that neutral equilibrium obtains as long as no 
condensation takes place anywhere in the system; that is, 
the virtual temperature, 7',, diminishes with the height, z, 
at the dry adiabatic rate. Accordingly, 7,=7),.—v~z, 
where y is the dry adiabatic gradient. 
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When condensation is initiated in this atmosphere by 
vertical motion, air ascending from below can rise to the 
upper boundary. The system can therefore undergo a 
transition to a stable state through vertical motions. The 
final stable state is one in which any element is in stable 
equilibrium with respect to an arbitrarily great vertical 
displacement. 

n the present example, the transition to the final stable 
stratification takes place in the following manner. The 
lower half exchanges place with the upper half. The 
upper half sinks bodily; but in the ascending half the 
sequence of layers is reversed, so that the previously lowest 
elements, initially under the pressure 1000 mb, come to 
the upper boundary, at a pressure of 700 mb, the elements 
initially at pressure 900 mb come to pressure 800 mb, and 
so on. In the final state a lower unsaturated stratum 
extends from 1000 mb to 850 mb, and an upper super- 
saturated one from 850 to 700 mb. See figure 1 (plotted 
on the adiabatic chart of Stiive). 

Potential energy.—For the distribution of virtual tem- 
perature here assumed, the potential energy P may be 
calculated in finite form. For any polytropic atmosphere: 


P= { gedm= f edp=* { 


==""(p,—p,) —~— 0 ] 


where RF is the gas constant, and 7 the lapse rate. 

After the readjustment the air in the upper half contains 
condensed water in liquid form, as well as water vapor. 
The density of this air is equal to the sum of the densities 
of the air, water vapor, and liquid water, p=pz+pp+ pw; 
we may introduce a generalized virtual temperature, 
defined by T7,,—p/Rp, that is the temperature at which dry 
air would have the density p of the mixture at the same 
pressure. 

In our example, the distribution of density in the final 
state is such that 7, in the upper half is almost constant. 
With sufficient accuracy for our purposes, it may be 
assumed exactly constant between levels of 25 mb pressure 
difference, and the potential energy of each stratum calcu- 
lated as follows: 


P= edp= f "adp+= Plog 


= 2; 2) log (p,/p2)]. 


In the lower half the virtual temperature, and hence the 
potential energy, remain unchanged. If we now calculate 
the total potential energy in the initial and the final states, 
we find it to be greater in the final state than in the initial; 
hence the temperature must be higher in the upper half 
after the readjustment, thus raising part of the mass to a 
higher level. 

This result reveals a fundamental difference between 
readjustments in unstable dry and humid closed systems: 
In dry air, energy of instability can be liberated in a 
restratification only if by this restratification the potential 
energy is diminished. In humid air, however, energy of 
instability can also be freed, as this example shows, even 
though the potential energy in the end condition is greater 
than at the beginning, These facts are of great importance 
in connection with the deepening of cyclones. 
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Internal energy.—The internal energy U, of dry air at 


temperature TJ’ is 
U,=c,T=c,T—Jpv. 


Here J is the mechanical equivalent of heat; and p, » are 
the pressure and volume at the temperature 7. The 
‘internal energy” is that energy which depends only on 
the temperature of the substance considered; the internal 
energy U,, of liquid water is accordingly equal to the heat 
content, i=c,,7', diminished by the work of expansion 
during the change in volume from 0° C. to the temperature 


Terrperature (°C) 
/0 


% 


Pressure (1b, 


1000 
700 
800 
900 
Dry adablars 
Most @Nabars 
Terry. Lefore 
Term. after readjustment 
Virival femp. before adjustment 
Virtva/ rermp. atter 


The internal energy of water vapor is equal to the internal 
energy of the water, plus the internal heat of vaporization, 
which is the total heat of vaporization r, diminished by 
the work of expansion against the partial pressure of the 
water vapor during the transition from water to vapor: 


However, the quantities Jp(vo:—v..) and Jer,» May be 
neglected, and U,=i+r—Jev, taken as sufficiently accu- 
rate. 

The above calculated internal energies are for one gram, 
and must be multiplied by the porportional weights of the 
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constituents in one gram of moist air, and then integrated 
over the entire layer, to find the total content of internal 
energy of the given system. 

External work.—As the system is bounded laterally by 
rigid walls, work can be accomplished only at the upper 
surface when the piston is raised or lowered. The calcula- 
tion shows that in our example the height of the layer 
from 1,000 to 700 mb is increased from 2,976.92 m to 
3,012.90 m; the work done amounts to 700 35.98 mXmb, 
or 251.86 joules. 

Kinetic energy.—We assume, with Margules, that the 
system is at rest in the initial state, and that the liberated 
energy is converted into kinetic ene We may now 
calculate the mean wind velocity which the liberated 
energy can generate in the system. 

The results of the energy calculations are shown in 
table 1. Itis apparent that only the water vapor furnishes 
energy. The complete energy balance is as follows: 


Joules 
Liberated: Internal energy of water vapor___.._.______ 1, 186. 05 
Consumed: 
Internel.energy. of ~~ 857. 28 
Internal energy of water__.......__________ 22. 75 
1, 156. 59 
TaBLe 
Potential Internal energy (joules) 
energy 
Goules) Air Water-vapor | Water 
4, 292. 31 3, 269. 23 6, 438. 54 22.75 
—17.70 —857.28 | +1,186.05| —22.75 


Assuming this amount of energy to be uniformly dis- 
tributed throughout the mass of air, and to appear in the 
form of kinetic energy, the corresponding mean wind 
velocity is 13.9 m/sec. (50 km/hr.). The liberated energy 
comes exclusively from the internal energy of the water 
vapor. 

Tn dry air the same amount of instability energy would 
exist if a super-adiabatic gradient of 1.15° C/100 m existed 
throughout the layer from 1,000 m to 700 m. 


CALCULATION OF THE ENERGY SUPPLY WITH THE AID OF 
THE TEPHIGRAM 


The usual type of calculation with the tephigram indi- 
cates whether energy of instability exists somewhere in 
the atmosphere and determines the amount which would 
be freed in the ascent of a small isolated mass of air. We 
cannot infer from it alone, however, the total energy that 
would be liberated in a complete readjustment of the 
system to stable equilibrium; it is necessary to represent 
the transition of the system as a result of separate steps, 
and apply the tephigram to each single step. In this pro- 
cedure, account must be taken of the following ee 
points, which are usually neglected: 

(1) In any vertical readjustment, both ascent and 
descent must take place. The total mass moved is 
accordingly always about twice as great as that which 
ascends. 

(2) The descending motions may increase or decrease 
the amount of liberated energy, according as the tempera- 
ture gradient is greater than or less than the dry adiabatic. 
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(3) Every partial restratification alters the lapse-rate 
and the stability, and the system is brought one step 
nearer a stable state. 

The energy in a closed system will now be calculated by 
both the tephigram and the method of Margules. The 
initial state selected is one in which the true temperature 
changes with the pressure at the dry adiabatic rate, the 
humidity is 70 percent throughout the system, the surface 
pressure is 1,000 mb, the pressure at the upper boundary is 
700 mb, and the surface temperature is 298.2° A. or 25.0°C. 

The final stable state is established by a complete over- 
turn of the system: The air initially at the pressure 1,000 
mb comes under the pressure 700 mb and vice versa; and 
correspondingly, there is an exchange between the other 
levels that is symmetric about the mean level. See 
figure 2. 

For the purposes of calculation, the system is divided 
into twelve layers; and the transition to the final state is 
effected in six stages: 

In the first step, the lowest stratum, from 1,000 to 975 
mb, exchanges place with the layer from 725 to 700 mb, 
while the intermediate layers remain in their intial posi- 
tions; in the second step, the layers from 975 to 950, and 
from 750 to 725 mb, exchange places; and so on. The 
<a released in each step is calculated by two methods. 

1. The first method of calculation is the same as the one 
previously used in this paper. The calculation of the 
potential and the internal energy is repeated after each 
partial restratification, and an energy balance set up, from 
which it may be seen how much energy is liberated by this 
partial restratification, and where this energy has its 
source. The results are shown in table 2. 


TABLE 2 
Energy E Vel 

locity 

Stage Exchange Gouleer) (m/sec.) 
1/1 1.12 0. 221 21.1 
= 0. 134 16.4 
3. 89 0. 076 12.6 
4 Ls 0. 037 &.6 
= 1.00 0. 020 6.3 
6 0. 02 0. 0004 0.9 


Sum, 24.77; mean, 0.810-912.8 m/sec. 


2. In the second calculation the tephigram is used; 
otherwise, the basis is the same as above. 

The energy which by equation (1) will be freed in the 
ascent of the initially lowest element is evaluated in the 
usual way; in the present example, it amounts to 0.473 
joule per gram. In the same way, for an element which 
sinks from pressure 700 to pressure 1,000 mb, the energy 
is 0.072 joule per gram. For the particles initially at 

ressures 975 and 725 mb, the amounts of energy released 

y the exchange of place are 0.293 and 0.053 joule per 
gram. Similar clioulbtione are made at pressure steps of 
25 mb. 

From the values of the energy per gram, the mean values 
for the 25 mb strata are formed and combined into mean 
values for the successive stages; these may be compared 
with the values obtained from the first calculation above, 
and will be found to agree closely. 

The total liberated energy is given by multiplying the 
value in joules per gram by the mass of air involved. See 
table 3. 

The differences between the amounts of energy for the 
individual elements and strata are striking. It is not 
possible to infer the energy supply of an entire layer from 


ree 

- 
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the calculated energy of instability for a particular element. 

The first method of calculation leads to an exact energy 
balance, and shows the source of the liberated energy. 
The second method of calculation involves less numerical 
calculation, and gives separately the energy from the 
ascending and the descending air. 


TABLE 3 
Pressure (millibars) Energy Mean 
e/gr joule/gr ayer 
Initial | Final Goule/gr) | (see) 
1, 000 700 0. 473 
700 1, 000 0.072 } 0. 272 
ate 0. 222 21.1 
725 975 0.053 0. 178 
0. 134 16.4 
750 950 0.036 } 0. 096 
775 925 0. 021 } 0.042 
900 800 0.017 
800 900 0. 010 } 0. 014 
875 825 e.0028 0. 009 4.3 
825 | 0.0029 |} 9-008 
0. 0014 L7 
850 850 0.0 0. 000 | 


APPLICABILITY OF THE TWO METHODS OF EVALUATION 


We shall now consider the problem of which of the 
processes in the atmosphere correspond to the different 
methods of evaluation by the tephigram. 

The usual method emphasizes the dynamical processes 
which involve the ascent of a small isolated mass of air; 
it yields the energy for this mass, but tells nothing about 
its source. This procedure is appropriate when the 
stratification of the system is not changed by the dis- 
ange es of the element; each mass that ascends must 

e replaced by a mass with the same temperature and 
humidity, or else enough heat must be supplied to the 
system to maintain the temperature distribution unaltered 
(e. g., by continuous radiation). Conditions are most 
appropriate for the application of this method of evaluation 
when the vertical equilibrium in the atmosphere is con- 
ditionally unstable, but the temperature gradient less 
than the dry adiabatic; then the equilibrium is stable with 
respect to downward motion, and the process is one of 
strong ascending motions over small areas and slow 
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downward motions over larger areas (4). The energy 
released will come largely from the ascending elements. 

With gradients greater than the dry adiabatic, account 
must always be taken, even in dry air, of the energy con- 
tributions from descending air (5); these can be taken 
directly from the tephigram, which, therefore, always 
gives a good indication of the intensity of convection. 

The other method of using the tephigram takes into 
account the changes in the vertical equilibrium brought 
about by the displacements of air, and should be used 
whenever the mass of air which ascends is so large that 
it spreads out into a layer of appreciable thickness. The 
vertical temperature distribution is then changed, in the 
absence of a supply of external energy; and the air which 
subsequently ascends meets with a different environment 
from that encountered by the previous ascending elements. 
This method is of fundamental importance to the quanti- 
tative determination of the energy of instability for an 
entire body of air, a knowledge of the amount of such 
energy is very desirable, because it is a numerical measure 
of the importance of the body of air for energy transfor- 
mations in the atmosphere. When the tephigram is used 
only to calculate energy of instability for a single isolated 
ascending element, and this is erroneously considered an 
index to the total available energy, it is easy to overesti- 
mate the latter, because in an unstable equilibrium not all 
the air may ascend to the upper limit of the unstable 
region and frequently a part of the released energy is 
taken up by the downward moving air. 
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SYNOPTIC DETERMINATION AND FORECASTING SIGNIFICANCE OF COLD FRONTS 
ALOFT 


By B. Hoizman? 


[Soil Conservation Service, Section of Climatic and Physiographic Research, Washington, D. C., December 1936] 


Cold-front and warm-front of occlusions * are 
common on the synoptic chart, but frequently the latter 
have been confused with the cold-front types. In synop- 
tic analyses the boundaries of the various air masses have 
all too frequently been considered only from the view- 
point of surface representation, with the result that upper 
air cold fronts, although occasionally recognized, have 
generally been held unique. The concept of an upper 
cold front is by no means new *; and recently Wexler ° 

1 Presented at the meeting of the American Meteorological Society, Kansas City, 
Missouri, June 1936. 

2 Formerly meteorologist—American Airlines, Inc., Newark, New Jersey. 

3 Bjerknes, et. al., Physikalische Hydrodynamik, p. 719. Berlin, 1933. 

‘ Bjerknes, J. and Solberg, H. Life cycle of cyclones and the polar front th of 
at circulation. Nordske Videnskaps-Akademi Geofysiske Publikasjoner vol. 3, 
no, 1, 1922, 

§ Wexler, H. Analysis of a warm-front type occlusion. MONTHLY WEATHER REVIEW, 
vol, 63, pp. 213-221, July 1935. 


has presented a detailed analysis of a warm-front type of 
occlusion. 

Cold fronts almost invariably become upper-air fronts 
as a result of warm-front occlusions, although conceivably 
they may occasionally be generated by fields of fronto- 
—_— with an influence confined to air masses aloft. 

he recognition of the warm-front type of occlusion and 
the upper cold front is of paramount significance to 
meteorologists. The origin of precipitation that occurs 
throughout the Great Plains in winter may often be 
directly attributed to an upper cold-front invasion. 
forecast of ceilings, cloud layers, thunderstorms, zones of 
turbulence and icing conditions based upon the recognl- 
tion of an upper cold front will have distinctive features of 
immediate pertinency to aircraft travel. 
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Warm-front occlusions always occur when the advanc- 
ing wedge of air is of lesser density than the wedge upon 
which it encroaches. Thus in winter when the continent 
is colder than adjacent bodies of water, warm-front types 
of occlusions are prevalent along the western coast; and 
in summer, such occlusions will exhibit themselves on the 
eastern coast. However, occlusions are not necessarily 
confined to coast lines; and warm-front occlusions can be 
recognized over any part of continental or maritime areas 
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fronts, one marking the invasion of P, air that originally 
induced the wave on the surface air mass, and one arising 
from the occluding cyclone, can then be detected. 

When extensive masses of fresh P, air recurrently occupy 
the Great Plains area in winter, a wave that has no genetic 
relation to an upper front may develop on the Polar Front 
that usually extends through the Canadian provinces of 
Alberta or Saskatchewan. With the intensification of the 
cyclone and the subsequent occlusion process, an upper 


FIGURE 1.—Warm-front type of occlusion in winter. 


whenever the densities of the air masses involved are 
appropriately related. 

Numerous upper cold fronts outlining invasions of 
P, (Polar Maritime) air aloft have been noted throughout 
the Middle West; and although associated with no imme- 
diately apparent occlusion, the historic sequences nearly 
always indicate an origin from occluding cyclones either 
over the Pacific Ocean or along the western coast of the 


Pressure 


Surfoce Fi Upper Front Surface Front 


cold front, marking the advance of an old P, air mass, 
occasionally can be found over the Dakotas and Nebraska. 
This is explained by the fact that Polar air advancing as 
a surface air mass from the Canadian provinces is some- 
times of less density than the fresh P, air lying to the 
southeast. It may appear very unlikely that Polar air 
occupying the central and eastern portions of the United 
States should have a greater density than air from Alberta 


Front Surfoce Front Upper Front 


Time 


FIGURE 2.—T ypical pressure traces during passage of an upper cold front with warm-front type of occlusion. 


continent. After crossing the Rocky Mountains this 
type of upper cold front generally rides aloft over a dome 
of P, (Polar Continental) air, and may cause a wave on 
the cold front of the surface air mass. As the wave 
develops and occlusion begins, the relative densities 
generally cause the new cyclone itself to proceed as a cold- 
front type of occlusion. However, it is possible for the 
wave to occlude in the warm front manner; and if this be 
the case, a rather complex situation of two upper cold 


or Saskatchewan; but it is to be recalled that the modifi- 
cation of an air mass depends upon its trajectory, and in a 
rapid advance of a dome of Polar air from high latitudes 
to the lower latitudes of the United States it is possible for 
an air mass to maintain sufficient density for a cyclone 
developed on its northwestern periphery to occlude in a 
warm front manner. This type of upper cold front will be 
encountered only in rare instances, however; the normal 
occlusion of these cyclones is of the cold-front type. 
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Willett * has called attention to the upper cold fronts 


that may exist between T, (Tropical Superior) and T, 
(Tropical Gulf) air masses. Either T, or tr may be the 
active air mass, depending upon which of the two air 
masses has the greater density. The development of the 
upper discontinuities between T, and T, does not originate 
from occluding cyclones as is generally the case for Polar 
air masses, but is instead probably caused by frontogenesis 
aloft brought about by properly oriented deformation 
fields. The reason is the fact that T, is essentially an 
upper air mass, generally conceded to acquire its proper- 
ties principally by subsidence in the upper levels of the 
atmosphere, and only infrequently reaches the surface. 
When T, does appear at the surface, it usually has such 
high temperatures that it becomes the least dense of all 
air masses at these lower levels, and invariably forms the 
warm sector of a cyclone. 

Upper cold fronts travel across the continent in a normal 
manner, comparable to surface discontinuities. In synop- 
tic analyses the clues obtained from surface data for deter- 
mination of upper fronts are generally not as clearly defined 
as the indications for surface fronts; but nevertheless, 
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ticular significance to a mere change in direction of the 
winds aloft. In cases of over-running tropical air asso- 
ciated with a warm front, apparent directional disconti- 
nuities, actually in anticyclonic curvature of streamlines, 
are always encountered in the winds. As pointed out by 
Bjerknes’ and others, a southwest current, during its 
ascent along a warm-front surface, may acquire consider- 
able turning of its horizontal streamlines from the de- 
flective effect of the earth’s rotation; and aloft it will show 
as a northwest or north-northwest current. 

Surface winds.—Surface winds are of little synoptic aid 
in locating an upper front. Since the advancing wedge 
travels aloft it usually cannot be expected to extend its 
influence to surface winds. Occasionally, because of the 
progressive modification of the surface wedge, the upper 
cold front works its way to the surface. In other instances 
the surface air behind the upper front, at the point where 
it first begins to ascend over the coldest surface air mass, 
happens to be colder than the surface wedge, and advances 
as a cold-front type of occlusion. In these cases a vigor- 
ve surface wind discontinuity accompanies the surface 
ront. 
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3. 


sufficient evidence frequently can be obtained from surface 
information, especially when used in conjunction with 
aerographic soundings, to recognize their presence. In the 
following paragraphs are enumerated a number of synoptic 
aids for the determination of warm front types of occlu- 
sions and upper cold fronts; they are not to be regarded 
as infallible rules, however, and the order of listing has no 
significance in respect to their relative importance. 

Winds aloft——Usually a well-marked discontinuity in 
the winds aloft separates the encroaching upper wedge 
from the air mass below. The winds in the surface air 
mass may be southwesterly, whereas aloft a vigorous shift 
to northwest will be encountered. In the various situa- 
tions observed, this type of shift has most commonly ac- 
companied the upper front. However, the discontinuity 
need not be indicated by a directional shift in wind; and 
many times a change in speed will be the only clue avail- 
able. One is to be cautioned against attaching any par- 


¢ Willett, H. C. Discussion and illustration of 
atmospheric cross-sections. Papers in Physical 


roblems suggested by the analysis of 
anography and Meteorology Massa- 


a a of Technology and Woods Hole Oceanographic Institution, vol. 4, no. 2, 
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However, when the surface boundary of the lower and 
passive wedge is near at hand, the distribution and char- 
acter of surface wind directions and speeds frequently 
help to differentiate between the warm-front and cold- 
front types of occlusions. In the cold-front type of oc- 
clusion a well-marked wind shift, usually from a south or 
southwest to a northwest, will generally be encountered. 
The surface boundary in the warm-front type of occlusion 
will in contrast usually show a gradual shift from a 
southwest or west to a west-northwest or northwest, very 
similar to the shift that accompanies a warm front. 
Often a broad zone of winds having a slight southerly 
component shifting to a slight northerly component will 
mark the surface discontinuity of the passive wedge. 

It should be pointed out that the location of the surface 
discontinuity in the warm-front type of occlusion fre- 
quently is of less significance in forecasting than the de- 
termination of the position of the upper cold front. 
Usually the chief importance of recognizing this surface 

7 Bjerknes, J. Exploration de quelques perturbations atmosphériques A ’aide de son- 


dages rapprochés dans le temps. Norske Vidensbape Abademt Geofysiske Publikasjoner, 
vol. 9, no. 9, 1932. 
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boundary is to furnish indirect evidence of the presence 
of an upper cold front at some distance in advance of 
the shifting surface winds. 

Pressure change characteristic—The pressure change 
characteristic offers a very important clue to the presence 
of an upper front. The barometer trace during passage 
of a surface cold front will show falling, and then sharply 
rising, pressures; but the pressure change caused by the 
passage of an upper cold front is usually characterized by 
a lesser discontinuity—perhaps a slower rate of decrease 
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either is not apparent or else has been left far behind the 
upper front, the barogram may exhibit only an ill-defined 
discontinuity, difficulty to distinguish from the normal 
diurnal pressure changes; but if a systematic linear 
arrangement of slight discontinuities in the pressure 
tendencies, unaccompanied by a surface wind shift, can 
be traced, this in itself is occasionally sufficient evidence 
to indicate the presence of an upper front. 

Pressure trough.—In contrast to the generally distinct 
V-shaped isobars associated with a surface cold front, only 
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Ficure 4.—Typical density-altitude curves during passages of upper cold fronts; P/T in mb/°A, altitude in km. The crossing of the curves indicates invasion by an air mass 
bounded by an upper cold front. 


or only a slight rise in the barometer, followed by a steadily 
and rapidly rising pressure. 

Thus in figure 1 the region CDE may have negative 
changes of from 4 to 6 hundredths of an inch in 3 hours. 
The region BC probably will exhibit negative changes of 
from 0 to 4 hundredths, since the advancing wedge aloft 
has the effect of compensating the falling pressures nor- 
mally expected ahead of the surface front. The region 


AB is characterized by positive tendencies, generally 0 to 8 
hundredths. 

Typical pressure traces such as may be experienced at 
any one station are indicated in figure 2. Quite often, 
however, when the surface boundary of the lower wedge 


minor and poorly defined surface pressure throughs 
characterize upper cold fronts. A sharp discontinuity in 
the isobars is not always associated with surface fronts— 
not in cases of frontolysis, e. g. (Physikalische Hydro- 
dynamik, p. 727)—and no undue significance should be 
given a broad or narrow trough of pressure with more or 
less continuous isobars. 

Although an upper front may be evidenced at the sur- 
face by a broad pressure trough, aloft it may be accom- 
panied by a pronounced low pressure, and the gradient 
will be such as to cause a very significant increase in the 
winds at these levels as the front approaches. However, 
in the case of the warm-front type of occlusion, a minor 
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surface trough in advance of the trough that accompanies 
the surface front is generally significant, and is good 
evidence for the presence of an upper front. Isobars 
should be drawn very carefully, avoiding too great a 
smoothing, as the minor trough can easily be obscured. 
Frequently it will be helpful if the isobars are drawn 
before attempting to locate the frontal discontinuities. 
Cloud types and precipitation.—A characteristic feature 
of the warm-front type of occlusion is the frequent ab- 
sence of cloud forms during the initial occluding process. 
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wind discontinuities, an anomalous belt of alto-cumulus 
may likewise indicate an upper cold front. Here again 
this evidence needs further substantiation, for a simple 
warm front may often show a zone of cloudiness separated 
—_ the surface wind discontinuity by a zone of clear 
skies. 

Generally the most complex cloud systems that ac- 
company warm-front type occlusions occur during winter. 
In the initial stage a belt of alto-cumulus or alto-stratus 
may be noticed in advance of the surface shift, and the 
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FIGURE 6.—Solenoidal distribution. The full lines are isotherms in °C.; the broken lines are lines of constant potential temperature or isentropic lines. 


Usually a surface wind shift is indicated, and to all 
appearances it will seem to have all the properties of a 
cold front type ef occlusion except for the fact that a zone 
of clear skies accompanies the shift. Unfortunately, this 
evidence in itself is not diagnostic, for many surface cold 
fronts similarly are attended by the lack of cloud forms. 
However, well in advance of the surface shift, as much as 
100-500 miles, a zone of alto-cumulus or alto-stratus may 
lead one to suspect the presence of an upper cold front. 
When there has been no occlusion and there are no surface 


upper front may likewise be present; but as the cold wedge 
proceeds aloft there is a sudden thickening of the alto- 
stratus, and within one or two hours without any evidence 
whatsoever from westward-lying stations a moderate 
snow condition may develop. A strato-cumulus layer 
generally will form beneath the lowering and thickening 
alto-stratus; and as precipitation continues, a low stratus 
deck eventually develops within the surface cold air mass, 
limiting ceilings to 500-1,500 feet. In the zone CD, 
figure 1, when the precipitation is at a maximum, the 
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various cloud decks generally merge together into a thick 
cloud system. Thus an airplane flight made from E to A 
would, upon ascension, encounter first a low stratus con- 
dition near 500 to 800 feet with a top near 1,500, and 
second the strato-cumulus deck which may extend from 
2,000 to 8,000 feet. Between E and D the flight could be 
made above the strato-cumulus. The upper alto-stratus 
would be steadily and rapidly thickening; and precipita- 
tion, if not encountered upon ascent from E, would most 
certainly be encountered above D where the clouds decks 
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upper cold front, and will rarely occur in any season 
other than winter. Usually a zone of alto-cumulus with 
little or no precipitation will mark the advance of an 
upper cold front in spring and autumn. In summer a 
series of high level thunderstorms, caused by the release 
of the convective instability of the tropical air which the 
upper wedge most commonly displaces, or in a few cases 
caused by the release of the instability of the air in the 
upper advancing wedge itself, will serve to locate the 
boundary of the active air mass. 
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FIGURE 7.—Density-altitude curves; P/T in mb/°A, altitude in km. 


begin to merge. The top of the entire cloud system 
between C and E would be extremely high for present 
passenger travel—it may exceed 17,000 or 18,000 feet. 
Between C and B, depending upon the altitude at which 
the flight is made, one may again expect to emerge be- 
tween cloud layers, and the upper limit of the strato- 
eo will generally define the boundary of the surface 
wedge. 

The situation just described represents probably the 
most complex of the cloud systems that accompany the 


Surface temperatures——To ascertain whether a warm 
front or cold front type of occlusion will take place, it is 
sometimes sufficient to compare the surface temperatures 
of the active and the passive air masses, and to presume 
that if the temperatures are high in the active air mass 
it will flow aloft; but this procedure should be used with 
reservation: The real reason an air mass ascends is be- 
cause its density, level for level, is less than that of the 
wedge with which it comes in contact. Of course, within 
the narrow limits of the frontal zone the pressure is esseD- 
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tially the same in the cold and the warm mass, and the 
relative density is thus determined by temperature and 
to a slight extent also by the water vapor content. How- 
ever, the distribution of meteorological stations does not 
allow a determination of density from temperatures alone, 
especially when comparisons for 12 or 24 ices are desir- 
able. Likewise surface temperatures are easily influenced 
by insolation, radiation, evaporation, and condensation; 
and when employed for comparative purposes, in estab- 
lishing the lesser or greater density of an air mass, should 
always be used in conjunction with the pressures. 
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dp, at the given level, produced by the increments in pres- 
sure and temperature, will be 


1 1 
E 

The danger of comparing densities by consideration 
only of temperatures is pen illustrated * this example 
in which a 3° increase in temperature produces no change 

in density. 
Density.—In the synoptic determination of upper fronts, 
the densities of the various air masses involved are of 
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Ficure 8.—Density-altitude curves; P/T in mb/°A, altitude in km. 


The following illustration will serve to indicate the 
relative importance of changes in temperatures and pres- 
sures, and the effect of these changes upon density: 

Since density, p, varies directly with pressure, P, and 
inversely with temperature, 7, then 


Differentiating, 


pax [Par] 
If the following values are assigned, P=1,000 millibars, 
dP=+10, T=200° A., dT=+3°, the change in density, 


primary significance. An active air mass, the density of 
which at each level exceeds that of the mass with which it 
will come in contact, will of course preclude the possibility 
of a warm front type of occlusion. A P, (Polar Pacific) 
air mass, with a density, level for level, less than that of a 
P,, air mass then overlying the central and eastern portions 
of the country, must necessarily continue its march aloft 
after crossing the Rocky Mountain chain. 

The relation between density, pressure, temperature, 
and humidity, as derived from the equation of state for 
moist air, is 
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FIGURE 9. 
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where p=density of humid air, P=pressure, Rgz=gas con- 
stant for dry air, g=specific humidity, and 7=tempera- 
ture. 

Virtual temperature, 7”, is defined by T’ = (1+0.604q) T. 

It can be shown that the error introduced by substitut- 
ing 7 for T”’ is negligible. For P=1,000 millibars, 
T=20° C., and g=20 grams of water vapor per kilogram 
of air, only a 1 percent error would result from substituting 
T for T’. 

Since the forecaster will be interested only in relative 
values of density, it will be sufficient to use the formula 


and compare the relative values of . Figure 3 illustrates 


various density-elevation curves that might be expected in 
different synoptic situations. 

One particularly interesting case is shown in figure 3A. 
Here the seemingly paradoxical condition of cold and 
dense air advancing aloft is indicated. The density-ele- 
vation curves for 2 consecutive days at the given station 
will cross each other and apparently substantiate the fact 
that denser air has made an invasion aloft. However, 
this apparent anomaly is easily explained; the displace- 
ment by the encroaching wedge has resulted in denser air 
only aloft, but this air still has aless density than the sur- 
face air mass upon whichit rides. This singular crossing of 
the density curves is very significant, and offers positive 
evidence for the presence of an upper cold front. 

Figure 4 shows observed cases of density curves when 
passages of upper cold fronts occurred. It should be 
emphasized that these are common occurrences. 

T-0 solenoids—When isothermal surfaces intersect 
isentropic or equal potential temperature surfaces in the 
atmosphere, parallelepipeds are formed analogous to the 
circulation solenoids * formed by the intersection of iso- 
baric and isosteric surfaces. The work done in a cycle 
bounded by two adiabats and two isothermals is propor- 
tional to the area; and, therefore, regions in the atmos- 
phere which have the greatest concentration of solenoids 
are zones of maximum available energy. 

Bergeron ® has shown how intersections of equiscalar 
surfaces may become concentrated in frontal zones by the 
action of frontogenesis or atmospheric deformation fields. 
Thus the discontinuity between a Tropical air mass and a 
Polar one will be defined by a concentration of T-@ sole- 
noids in the frontal zone; and the transfer from potential 
to kinetic energy will be exhibited by a sinking of the 
colder air and a rising of the warmer air, maintaining a 
circulation such as will bring the ascendant of the poten- 
tial temperature into coincidence with the temperature 
gradient. 

Since normally 7 decreases, and @ increases, with alti- 
tude, the isothermal lines will ascend and the adiabatic 
lines will descend from the colder mass to the warmer one. 
The 7-# solenoidal distribution in a cross section of the 
atmosphere will determine the location of an upper front, 
or any discontinuity; and a measure of the potential en- 
ergy of mass distribution in the system can be obtained at 
the same time. 

Figure 6 shows a cross section of the atmosphere be- 
tween Cheyenne and Dayton, on March 19, 1936. The 
isothermic and isentropic lines are drawn, and it can be 
seen that the greatest density of solenoids is confined to 
the active frontal zones. 


8 Bjerknes, V.: Das dynamische Prinzip der Zirkulationsbewegungen in der Atmos- 
phire. Meteorologische Zeitschrift, p. 97 and 145, 1900; also p. 97, 1902. 

* Bergeron, T.: Uber die drei dimensional verkniipfende Wetteranalyse. Norske 
Videnskaps-Akademi Geofysiske Publikasjoner, vol. 5, no. 6, 1928. 
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The preceding enumeration of various synoptic aids for 
the determination of upper cold fronts—winds aloft and 
at the surface, pressure change characteristics, pressure 
troughs at the surface and aloft, types of clouds and pre- 
cipitation, surface temperature distribution, density- 
altitude relations on successive days—is not to be inter- 
preted to mean that any one of these to the exclusion of 
others is to be considered conclusive evidence for the pres- 
ence of an upper front. Because of the complex relations 
that may arise from the juxtaposition and interaction of 
air masses, any one or even several meteorological factors 
characteristic of one situation may show great similarit 
to those associated with another situation of entirely dif- 
ferent origin. For this reason it should be emphasized 
that all the conditions enumerated must be considered 
together, that any one or several indications may be nec- 
essary but not sufficient conditions to demonstrate the 
presence of an upper cold front, that all inductions must, 
of course, be consistent with the historic sequence of the 
meteorological situation. 

Forecasting significance.—In late spring, summer, and 
autumn the weather phenomena resulting from upper cold 
fronts are relatively unimportant as far as airline trans- 
portation is concerned. Almost invariably one can fore- 
cast that all ceilings and visibilities will remain ample. 
Frequently a variable broken to overcast alto-cumulus 
with little or no precipitation will accompany the front. 
The surface visibilities will, of course, be somewhat im- 
paired during any precipitation, but usually will range 
from 3 to 8 miles. 

During summer and early autumn when the advancing 
upper wedge comes in contact with a T, (Tropical Mari- 
time) air mass characterized by conditional or convective 
instability, high level thunderstorms are usually developed. 
The mechanics of these high-level storms is not different 
from the case of a simple surface cold front coming in con- 
tact with a T, mass and causing sufficient ascent to realize 
the potential instability of the Tropical current. It is 
quite possible that thunderstorms may develop in the ad- 
vancing upper wedge itself, as described elsewhere, pro- 
vided, of course, that the temperature and humidity struc- 
tures are proper. 

The cumulus clouds that accompany the high level 
thunderstorms have bases generally between eight to 
twelve thousand feet, with the maximum convective 
activity probably occurring well above 18,000 feet. These 
thunderstorms offer no difficulties to aircraft travel, as 
flight can be negotiated well below the cumulus clouds, 
and moderate turbulence with an occasional heavy shower 
are the only disagreeable elements to be expected. 

The various cloud types, and the ‘‘between layer” flying 
possibilities have been described elsewhere for the winter 
case. (See fig. 1.) However, it is well to emphasize the 
suddenness with which precipitation can materialize in 
advance of the upper cold front. This is in sharp contrast 
with the generally clear sky condition that prevails at 
some distance behind the upper front. In the initial 
stages of the warm-front type of occlusion no indication of 
precipitation may be obtained from westward-lying sta- 
tions, and a correct forecast can be made only from a 
recognition of the upper front. 

Although a minor surface pressure trough generally 
accompanies the eastward march of the upper cold front, 
& very pronounced low pressure aloft may be associated 
with the front. The intensity of the pressure gradient 
aloft will in turn bring about a significant increase in the 
velocities of the winds aloft, and winds of 60 to 70 miles 
per hour between 9,000 and 15,000 feet may be found. 

The weather a from an upper cold-front situa- 
tion in winter occasionally presents a serious icing hazard 
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to aircraft. This condition can best be illustrated by 
contrasting it with the icing hazards during a surface 
warm front situation. In the winter case of a simple 
warm front, where relatively warm moist southwesterly 
winds are advancing aloft over a wedge of very cold Polar 
air, the precipitation usually begins as snowfall. During 
this incipient stage, aircraft will experience no great 
difficulties other than the loss of power occasioned by the 
use of heat to prevent icing in the carburetor. As the 
warm front action continues, with the consequent modifica- 
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On the other hand the icing hazard that a¢companies an 
upper cold front may cause considerable doubt as to the 
safety of navigation through the frontal zones. The 
advancing wedge aloft is generally warmer than the sur- 
face Polar mass, but will have only a small modifying effect 
upon the wedge below. This is because the air mass aloft 
is generally of Polar origin itself. It is also unlikely that 
any significant temperature inversion is present above the 
surface Polar current. In addition, an ‘‘on top flight’’ is 
excluded because of the extreme thickness of the alto- 
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FiGuRE 11.—Density-altitude curves; P/T in mb/°A, altitude in km. 


tion of the Polar air to higher temperatures, a serious icing 
stage is reached when the precipitation from the alto- 
stratus begins as rain and on descent proceeds as a freezing 
rain. This hazardous —_ may continue for from 8 to 12 
hours, and by then the Polar wedge either has receded 
sufficiently or has become so modified that the tempera- 
ture of precipitation is well above the freezing point. 
Moreover, in this warm front condition it is quite likely that 
in spite of the fact that the precipitation is freezing in the 
Polar wedge, a sufficient temperature inversion prevails 
aloft in the Tropical air for a rapid ascent through the Polar 
current to permit only a very slight accumulation of ice. 


stratus that merges with the lower cloud systems in 
advance of the upper front. Once the temperature condi- 
tion is such as to permit a mixed snow and rain to fall from 
the alto-stratus, the icing hazard can become indeed 
serious, 

When the upper wedge interacts with T, air, icing condi- 
tions seem to be confined to the cloud system within the 
Tropical current. This conclusion is based upon evidence 
furnished by a number of pilots of American Airlines, Inc. 

Three meteorological situations have been selected and 
are briefly described below. These synoptic examples 
have individual complexities and some analytical difficul- 
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ties, but nevertheless are quite representative. In figures 
5, 9, 10, and 12, in which the individual situations are 
represented, the solid line represents the cold front, the 
dotted line the warm front, the dashed line the cold front 
aloft, and the dot-dashed line the occluded front. The 
wind arrows fly with the wind and each bar indicates two 
units of wind force on the Beaufort scale. The meteor- 
ological observations are generally grouped so that the 
temperature and the dew-point are to the upper right of 
the station; pressure directly under the temperature; 
precipitation, if any, under the pressure; ceilings in hun- 
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Wright Field, and is advancing over a shallow wedge of 
P, air. A fresher surge of P, air is indicated by the cold 
front between Omaha and Scott Field. This front is pro- 
ceeding eastward and is displacing the shallow layer of 
return P, air as a cold front type of occlusion, because the 
active P, air mass is of the greater density. 

The density relations for this synoptic situation com- 
pletely verify the indicated conditions. Figure 7 shows 
the density curves for Omaha, Scott Field, and Wright 
Field. The air mass at Omaha on the 19th has a much 
greater density, level for level, than the air column that 


8 29.7 
\ 
LOW 
0 
29.7 
\ pe. 
29.8 


2K 
° 


\ 
; N p Cshallow) surface 


8:00 AM 


FIGURE 12. 


dreds of feet to the upper left; visibility directly under 
the ceiling; and pressure tendency below the station. 

March 19, 1986.—The most frequent type of upper cold 
front appears as a P, front aloft in the Middle West when 
the central and eastern portions of the country are occu- 
pied by fresh P, air. An interesting situation of this type, 
illustrating both an upper cold front and a cold front type 
of occlusion, occurred on March 19, 1936. The surface 
conditions are represented in figure 5, and an east-west 
cross section through the atmosphere in figure 6. 

An upper cold front, outlining the boundary of a tran- 
sitional type of P, air, is present between Scott Field and 


was present there on the 18th. This necessarily indicates 
a surface invasion by a Polar air mass, and is represented 
by the outbreak of fresh P, air. The density curves for 
Scott Field on the 18th and 19th illustrate the singular 
crossing of the curves which is characteristic of the pas- 
sage of an upper cold front. The upper cold front passed 
Wright Field between the 19th and 20th; and these curves, 
deals, show the peculiar crossing. 

The density relations for Omaha, Scott Field, and 
Wright Field on the 19th are illustrated in figure 8. It 
can be seen that in the lower levels the Omaha curve 
shows a denser mass of air than the curve for Wright Field; 
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and one of them must pass through the St. Louis area as 
a surface invasion. 7 cane the air at Omaha below 
800 meters is less dense than at the corresponding levels 
of the Wright Field curve, and thus indicates a possibility 
for the active P, mass to occlude in the warm front man- 
ner by the time the air mass has invaded the Dayton area; 
but this possibility has to be substantiated by data at some 
later stage, for it is more than likely that at the time the 
P, air is ready to invade the Dayton area, the dense layer 
of P, air may have become sufficiently modified to be 
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then complicated by the advance of the cold front type 
of occlusion. 

April 4 and 5, 1986.—Figures 9 and 10 show the 8 a. m. 
synoptic situations for April 4 and 5, 1936. On the 4th 
an upper cold front, marking the advance of N,, (Modified 
Polar Pacific) air aloft over a dense wedge of P, air, is 
oriented in a north-northeast to south-southwest direction 
through the Middle West. The front is particularly 
well-defined by the pronouned pressure change discon- 
tinuity that extends along the length of the front. To the 
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FiauRr 13.— Density-altitude curves; P/T in mb/°A, altitude in km. 


actually less dense than the advancing P, air, and thus 

reclude the possibility of a warm front type of occlusion. 

he lower levels at Scott Field have a less density than 
the corresponding levels at Wright Field. This immedi- 
ately eliminates the possibility of any surface cold front 
advancing into the Dayton area from the St. Louis area; 
and necessarily implies that as long as the indicated density 
relations prevail at these two stations, all air mass invasions 
must occur aloft. 

No significant weather phenomena resulted from the 
upper cold front on the 19th; but on the 20th, a good 
deal of precipitation occurred, although the situation was 


east of the upper front, drops of 8 to 12 hundredths in 
3 hours prevail; but immediately to the west of the front, 
drops of only 2 to 6 hundredths are generally found. A 
cold front marking a surface outbreak of fresh P, air is 
present through the Dakotas and Nebraska, and it is 
interesting to note that no precipitation is taking place 
along the wind shift. However, in advance of the upper 
cold front, snow has developed throughout Wisconsin and 
Towa and a rapid lowering of the ceilings has taken place. 

On the 5th the upper front had advanced eastward, 
then extending through Michigan, Indiana, Illinois, 
Missouri, and Arkansas. The P, cold front had actively 
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advanced southeastward, and numerous snew squalls 
occurred within the air mass. 

The density relations for Cheyenne and Omaha are 
illustrated in figure 11. The soundings at Scott Field, 
which would have been particularly interesting for this 
situation, were unfortunately not made, because of adverse 
flying conditions. However, the density curves for 
Cheyenne indicate less dense air on the 4th than had 
occupied the station on the 3rd. Some indication of 
the advance of the P, air aloft is given by the fact that 
the slopes of the curves on the 3rd and 4th are such that 
the intersection occurs near the 5 km level. The hypo- 
thetical picture in figure 3D best illustrates these density 
relations. A very deep current of P, air invaded Cheyenne 
on the 5th, and the density curve for that day shows the 
the greatest density, level for level, of the 3 days. 

The density relations for Omaha on the 4th and 5th 
are especially significant. Denser air below 1,100 meters 
on the 5th indicates the depth of the P, current. Between 
1,100 and 3,000 meters the current becomes less dense 
than the air that prevailed at these levels on the 4th. 
Above 3,000 meters denser air on the 5th again prevails, 
compared with the corresponding levels on the 4th. 
This crossing of the density curves aloft 1s peculiar to 
the passage of the upper cold front and justifies the con- 
clusion as to its presence. 

May 18, 1936.—This situation was brought to the 
writer’s attention by Warren Vine of American Airlines, 
who, flying from Murfreesboro to Washington between 
the hours of 1 p. m. to 5 p. m., encountered ‘‘a line of 
high level thunderstorms over the mountains.” The line 
of storms advanced regularly eastward with a velocity 
comparable to that of the winds aloft. The bases of the 
cumulus clouds were generally above 8,000 feet, and 
lower clouds were encountered only during showers. 

The synoptic situation is represented in figure 12. An 
upper cold front is present and virtually parallels the 
Appalachian chain. The interesting feature about this 
situation is that the upper front marks the advance of 
T, air as a cold front. This condition frequently obtains 
when T, air comes in contact with T, air. The Maritime 
air is riding aloft over a very shallow thickness of highly 
modified P, air, and is displacing T, air that prevails 
aloft over the narrow wedge of old P, air. During the 
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day the air masses to the east of the upper cold front 
became considerably heated, and as the T, air invaded 
the region a very unstable condition was produced. 
High-level thunderstorms developed during the afternoon 
with the advance of the upper front, and continued to 
accompany the front as it passed off the coastal regions 
during the evening. The storms developed in the ad- 
vancing T, air, as the T, air was much too dry to produce 
any thunderstorm activity. 

Figure 13 shows the density relations on May 17 and 
May 18 for Selfridge Field, Wright Field, and Murfrees- 
boro. The curves are not as distinctive as one might 
desire; but the fact that all three stations show the 
advance of slightly denser air aloft, compared with that 
which prevailed at the same levels on the 17th, furnishes 
significant evidence of an upper cold front. The very 
shallow wedge of old P, air is shown on the curves for the 
Selfridge Field and Wright Field soundings. At approxi- 
mately 500 meters the curves intersect each other, indi- 
cating that below this level the advancing air on the 18th 
was less dense than the air on the 17th. 

For all practical purposes the T, cold front in this case 
may be considered as a surface front; but it is to be pointed 
out that surface information does not clearly define the 
front, and this example is a good illustration of the applica- 
bility of aerographic soundings to synoptic analysis. 
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UPPER-AIR COLD FRONTS IN NORTH AMERICA 


By SrerHen 
[Weather Bureau, Washington, December 1936] 


Fronts aloft have long been recognized, but until re- 
cently very little attention has been given to them. In 
the United States much of the weather, especially in the 
colder months, is governed by such fronts as well as by 
surface fronts. Although as many different types of 
fronts may exist aloft as at the surface, we find that of 
the three types of fronts—namely, cold, warm, and oc- 
cluded—only the cold front has much significance aloft, 
and it is by far the easiest to locate. Warm fronts aloft 
may occasionally be located when they are accompanied 
by well defined synoptic phenomena; but usually the 
meteorological elements, with the exception of precipita- 
tion, indicate gradual changes rather than the abrupt 
changes found with the passage of cold fronts aloft. 

Occluded fronts are identified as such from their past 
history, if possible, or with the aid of airplane soundings; 
the soundings should show a trough of warm air in ad- 
vance of the cold front aloft. However, many of the 
fronts designated as cold fronts aloft may in reality be 
occluded fronts aloft, since in many cases the history of 
such fronts moving eastward across the Pacific, where 


few reports are available, is quite vague. Furthermore, 
if there is a trough of warm air associated with the cold 
front aloft, it may neither be apparent in cloud and 
precipitation forms nor fall within the network of air- 
plane sounding stations; but occluded fronts aloft are in 
most cases so high that no significant error will ordi- 
narily accrue if such fronts are designated as cold fronts 
aloft. The following discussion is therefore limited to 
upper air cold fronts. 
FORMATION 


Cold fronts aloft may in most cases be traced back to 
surface occlusions of the warm front type. One excep- 
tion occurs with frontogenesis aloft above a shallow polar 
current, usually of continental origin. The considera- 
tions for frontogenesis are as applicable aloft as they are 
on the surface.!. Another exception of a more complicated 
nature occurs as a development in the advance portion 
of a deep polar current, in the form of a steepening of 
the slope of the polar wedge at some distance behind the 


1 Petterssen, Sverre: Contribution to the theory of Frontogenesis, Geofysiske Pub- 
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At 
‘ 
4 
: 
= 
| 
A, 


DEcEMBER 1936 


surface front. This implies either a decrease in wind veloc- 
ity or a change in wind direction above the elevation 
where the slope steepens, in such a manner as to cause the 
lower portion of the air mass to advance more rapidly than 
the upper portion. The precipitation may at times be 
more pronounced with an upper air front formed in this 
manner than with the associated surface front. The 
reverse of the above process will explain the formation of 
most warm fronts aloft. 

These exceptions, while often important, occur much 
less frequently than the cold fronts aloft found with warm 
type occluded fronts. The two general regions for the 
formation of occluded fronts of the latter nature, as far 
as United States weather is concerned, are in the Pacific 
Ocean at varying distances from our coast (dependin 
principally upon the location of the Aleutian Low) an 
along the mountain ranges from California to Alaska. 
When the occlusion of a warm sector of modified Polar 
Maritime air occurs at some distance from the coast we 
find, with the warm front type of occlusion, that the sur- 
face air is warmer to the west than to the east, which 
permits the air to the west to ascend over the colder 
wedge as it moves eastward. Aloft, however, in the air 
to the west we find low temperatures, sometimes exceed- 
ingly low with steep lapse rates that often approach the 
dry adiabatic lapse-rate characteristic of fresh outbreaks 
of Polar Pacific air. 

The diagrams in figures la, 16, and lc illustrate the 
formation of occlusions of this type. The surface occlu- 
sion which was originally the surface warm front may 
advance slowly or even remain stationary, while the cold 
front advances rapidly over the shallow polar wedge. 
The separation of these fronts may increase quite rapidly 
to a thousand miles or more. Also, the surface occlusion 
may have become insignificant from a synoptic view- 
point, remaining near the west coast, while the upper air 
front has traversed half the distance or more across the 
country, accompanied by considerable precipitation, the 
amounts of course depending upon the air masses en- 
countered. In some cases, when the Pacific analysis is 
incomplete or inaccurate because of insufficient reports 
from ships at sea, it is impossible to find the surface front, 
especially if it is associated with a prominent upper cold 
front which has progressed far in advance of the surface 
occlusion. 

The other general type of warm front occlusion which 
forms along the western mountain ranges needs no LOW 
nor even a well-pronounced trough for its formation: 
East of the mountains is a shallow surface layer of polar 
continental air which has been unable to spread westward 
because of the natural barrier presented by the mountains. 
This P, air is usually very cold. Above the P, is found 
P, which has gone through varying stages of modification, 
usually by means of subsidence. Fresh P, air, with steep 
lapse rate, which comes in behind a surface cold front 
along the west coast, is colder than the modified P, air 
and displaces it while moving eastward and ascending the 
mountains. After reaching the P, air on the other side 
of the mountains it continues its movement as a cold 
front aloft, above and without displacing this P, air, 
rather than as a surface front. The movement of such 


an upper air front will often be considerably accelerated 
after the retarding influence of the mountains has been 


1 Byers, H. R. The Air Masses of the North Pacific, Scripps Institute of Ocean- 
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overcome or left behind. Again, as in the other general 
case, the cold front aloft may advance rapidly across the 
country while the surface occlusion or saree warm front 
advances slowly or even remains stationary. The dia- 
grams in figures 2a¢ and 26 illustrate the formation of this 
type of occlusion. 

Other occlusions of the warm front type may form any- 
where over the continent.‘ With the type of warm front 
occlusion described by Wexler, however, the cold front 
often remains in close — to the surface occlusion 
as it advances across the country and seldom progresses 
so far ahead of the occlusion as in the other two types of 
cold fronts aloft. 


LIFE HISTORY 


The cold front aloft moves in most instances above a 
P, air mass of average depth approximately 2,000 meters 
in the United States. This depth may vary considerably, 
from zero at the surface cold front in the advance portion 
of the P, air mass to as much as 4,000 meters in the centra! 
portion under extraordinary circumstances.’ Usually the 
cold front aloft encounters little resistance, and moves 
rapidly across the country without ever coming down to 
the surface; but occasionally waves and cyclogenesis will 
occur along the front, and by disturbing the surface 
pressure field may cause the front to be propagated to 
the surface. As a rule cold fronts aloft, with any dis- 
turbances that form on them, remain aloft in the western 
portion of the country, and descend or are propagated to 
the surface only after they pass the Mississippi River. 
The cold front aloft may come to the surface simply by 
overtaking the surface cold front at the forward portion 
of the P, current that it had originally surmounted; in 
most such cases, the two fronts will then advance as one 
surface front with the velocity of the cold front aloft, but 
sometimes after the cold front aloft overtakes the sur- 
face front it will continue to move as a surface front 
and increase its distance from the P, front. Since a 
descent of air over the forward portion of a polar wedge 
necessarily implies subsidence, it is apparent that the 
process just described could not be responsible for so 
much precipitation as had occurred before the begin- 
ning of the descent; but, by accelerating the P, front, it 
could bring about lower temperatures much sooner than 
the forecaster would expect if he considered only the sur- 
face front. 

In comparison with this process of simple descent, we 
find that a propagation downward to the surface is more 
complicated. The cold front aloft usually will be propa- 
gated to the surface when it comes over a surface pressure 
trough or field of convergence. ‘The trough or field of 
convergence without a front may already be a good region 
for frontogenesis, with winds having a southerly com- 
ponent on the eastern side and winds with a westerly or 
even northerly component on the western side. The 
winds associated with the cold front aloft are more accen- 
tuated on either side of the front and will show a well- 
marked trough in the isobaric field at the top of the sur- 
face layer of cold air. When the pressure trough asso- 
ciated with the upper front becomes superimposed upon 
the surface pressure trough we find that a surface cold 
front forms, with well-marked wind shifts and other 


‘Wexler, H. Analysis of a Warm Front Type Occlusion, MONTHLY Weatner Re- 
VIEW, vol. 63, no. 7. 
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characteristics of such fronts. If vertical mixing has 
taken place, the surface cold front will be continuous with 
the upper front and there will be but one front. If little 
or no mixing has taken place, the cold front aloft will 
continue to advance aloft and will outstrip the surface 
cold front that it generated in the field of convergence. 
This type of frontogenesis, in contrast with the type 
which does not require the aid of a cold front aloft, can 
be anticipated much more confidently, because the progress 
of the cold front aloft can be followed quite accurately 
for sometime before it enters the region where fronto- 
genesis is likely. It is the opinion of the writer that in 
most instances surface frontogenesis over the North 
American continent occurs with the aid of upper air cold 
fronts in the manner described above. 

Cyclogenesis, or the intensification of a Low, will take 
place if the cold front aloft encounters a stagnant or slow- 
moving surface cyclone. The cyclone will intensify and 
move rapidly aiong the upper-air front, which then 
becomes a surface cold front south of the center. Here 
agaim a knowledge of the movement of the cold front aloft 
is important to the forecaster. 

The movements of cold fronts aloft can be determined 
with fair accuracy because such fronts are affected by 
frictional influences to a less degree than are surface 
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For example we often find in northwestern Canada two 
well-developed nicHs separated by a trough, where on 
earlier maps there was but one HIGH. The previous his- 
tory of these HIGHS may not show a surface front in the 
trough, although there now are good indications of a cold 
front of some nature. The pressure tendencies west of 
the trough will show well-marked rises, while east of the 
trough the pressures are falling. This region, even with 
a well-developed trough, may not have a temperature 
distribution in the low levels favorable for frontogenesis. 
If conditions are not favorable for frontogenesis, it is 
logical to conclude that if there is a front in the trough 
it must be a cold front aloft which could have been traced 
back to the Pacific on previous maps had sufficient data 
been available. Such a history could not be found for a 
front formed by frontogenesis in the Canadian North- 
west. If, on the other band, conditions are favorable for 
frontogenesis, we find that a surface front will be formed 
and will usually move slowly in this region, while a cold 
front aloft will continue its rapid movement. 


RECOGNITION AND EFFECTS 


A cold front aloft is at times easily detected and located 
on the surface map, while at other times its location be- 
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fronts. The 3-hour pressure tendencies and the 12-hour 
pressure change chart are more useful as qualitative rather 
than as quantitative indications of the movements of 
cold fronts aloft. Unfortunately kinematic computations, 
except in isolated cases, have little meaning, because the 
pressure field on the surface map is governed to a consider- 
able extent by the lower air. It is equally unfortunate 
that a cold front aloft in close proximity to a surface front 
will complicate the pressure tendency field to such an 
extent that rigid kinematic computations made on the 
surface front will produce fallacious results. It has been 
found that the winds aloft, when they are available, within 
the air mass behind the cold front aloft will give the most 
reliable quantitative determination of the movement of 
the cold front aloft. 

It has been found that cold fronts aloft are sometimes 
confused with fronts formed by frontogenesis, especially 
in regions where weather reporting stations are far apart. 


comes indefinite. If the processes of formation from 
occlusion have been observed, either over the Pacific 
Ocean or in the mountain regions, there is less difficulty in 
finding the cold front aloft, since it is expected. Diffi- 
culties arise when the formation is not observed. We 
then become aware of the front either from upper air data 
or from surface indications. The cold front aloft will have 
little influence on the surface temperatures as long as it 
remains aloft. It is not unusual to find the surface air 
moving in a direction opposite to that of the air aloft 
behind the cold front. The surface isobars along the cold 


front aloft will show a trough with no sharp discontinuities 
at the front. 

Pressure tendencies afford the best clue for both the 
recognition and the determination of the progress of the 
The forms of precipitation characteristic 

be observed falling through 

In the advance portion 


cold front aloft. 
of P, air when it is unstable will 
the shallow surface P, air mass. 
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of the front there may be considerable precipitation if the 
air mass in advance is moist and is forced upward. The 
front then resembles a surface cold front in many respects, 
but cannot be a surface front because it moves against 
the surface gradient and consequently against the surface 
winds. Airplane observations not only substantiate, but 
often reveal, the existence of the cold front aloft before its 
effects are observed on the surface map. There is always 
an increase in potential temperature and usually a well- 
marked temperature inversion at the surface or zone of 
separation between the surface air and the air above which 
has come in behind the cold front aloft. Also the cold air 
aloft contrasts sharply with the warmer air which it is 
displacing. 

he foregoing discussion has been limited to the simple 
eases which occur during the colder months of the year, 
when cold fronts aloft are most frequent and most promi- 
nent. Such fronts do exist throughout the year, and may 
involve the juxtaposition of any group of air masses. The 
only condition necessary is that the lower air mass have 
at all elevations a greater density than the upper air mass. 
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The exceedingly cold air behind the front in Montana can 
be nothing but P, which is part of the same air mass that 
is found east of the front in the Dakotas, Nebraska, 
Kansas, and Oklahoma. 

Three airplane observations made on this day—one at 
Spokane at 4 a. m., one at Seattle at noon, and one at 
Cheyenne at 4 a. m.—conclusively demonstrate the exist- 
ence and progress of the cold front aloft. The tempera- 
tures at all levels at Spokane and at Seattle dropped as 
much as 16° C. at 4,000 meters during the previous 
24 hours, while the changes at Cheyenne, in advance of 
the front, were negligible in that period. At Spokane the 
very low temperature of —40° C. was observed at 5,300 
meters. Seattle, where the observation was taken 8 hours 
later, had somewhat higher temperatures because at that 
time it must have been in the rear and warmer portion 
of the P, air mass. In figure 7 the top of the surface P, 
air mass is marked at Spokane by an isothermal layer 
throughout which the winds shift from NE. to NW. with 
increasing elevation; while at Seattle the P, air is limited 
to the top of the isothermal layer at about 2,600 meters. 
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FIGURE 3.—Vertical section, Spokane-Fargo. 


In the summer months it is not unusual to find warm moist 
Tropical Maritime air behind a cold front aloft. In such 
a case the surface air mass is a modified Polar air mass, 
while very warm “Superior” air is found over the Polar air 
in advance of the T, front aloft. An interesting situation 
of this nature is discussed in the contribution by B. 
Holzman in this issue of the Review, p. 400. 


EXAMPLE 


A well-developed cold front aloft appeared on the 8 
a.m. map of February 13, 1936. Although this particular 
front was not well marked on previous maps, its movement 
could be observed after it formed from a warm front 
occlusion in the Gulf of Alaska. Even a cursory examina- 
tion of the pressure tendencies on the 8 a. m. map of 
February 13 indicates a front of some nature, with Williston 
and Rapid City on one side and Bismarck and Valentine 
on the other side; and an inspection of previous maps 
shows that the front had been moving eastward against 
the prevailing surface pressure gradient. There is little 
difference in temperature on either side of this front. 


Unfortunately, no airplane observation was made at 
Billings on this day. 

South of this front there is another cold front aloft, 
which came in on the coast from the Pacific as a surface 
P, cold front and became a front aloft after surmounting 
the shallow N,, air mass ahead of the occluded front. 
The nature and progress of this cold front aloft had been 
detected and followed by indications from surface data, 
since no airplane observations were available at that 
time in that region. Again the principal evidence lies 
in the pressure tendencies at Grand Junction on one side 
of the front, and at Cheyenne, Denver, Pueblo, and 
Santa Fe on the other side. It is interesting to note the 
thunderstorms that occurred at Salt Lake City, Phoenix, 
and San Diego in conjunction with the front while it was 
still a surface front. These two cold fronts aloft are 
associated with two different air masses, with the one to 
the north much colder. It is merely a coincidence that 
the P, surface front lies in the region where the two P, 
air masses are in juxtaposition aloft. 

The schematic vertical cross sections in figures 3, 4, 5, 
and 6 are presented in order to enable one to visualize a 
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three-dimensional picture of the upper air corresponding 
with the first surface map of the series. The warm moist 
N,, air indicated on some of these sections must have 
existed at that time over only a small region and at com- 
paratively high levels, since it was never actually found in 
any of the airplane observations although its progress 
could be observed with little difficulty on the surface 
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We see then that we can account for most of the pre- 
cipitation in the Southwest, except that occurring in 
California, with the aid of the moist N,, air. This same 
air mass will account for some of the precipitation in the 
vicinity of the northern cold front aloft. Most of the 
however, is occurring within the unstable 

», air mass itself, as evidenced by the snow flurries 
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FIGURE 5.--Vertical section along the 117th meridian. 


map. The thunderstorms and the large amounts of pre- 
cipitation in the Southwest show that such an air mass 
must have been present in advance of the P, front. The 


cross section through Spokane, Cheyenne, and Omaha 
(fig. 7) shows this air to be apparent in conjunction with 
the altostratus clouds; and such an air mass is indicated 
at high levels in the vicinity of Billings. 


reported at some of the stations. The precipitation far 
in advance is not associated with either of the P, fronts, 
nor with the warm moist N,, air mass, but rather with a 
frontal system centered in Illinois. 

On the next map of this series (2 p. m., Feb. 13), we 
have little trouble finding the fronts. Observe the rapid 
movements of both cold fronts aloft, and the progress of 
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FIGURE 6.—Vertical section along 39th parallel of latitude. 
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the P, front at Lander where the temperature dropped 
44° F. in 6 hours. The occluded front associated with 
the southern P, front has moved more rapidly than the 
front aloft; this is explained by the considerable turbulence 
and consequent mixing within and between the shallow 
N,, air and the P, air above it and is substantiated by 
the heavy dust reported at El Paso, where there has been 
a front passage, and at Amarillo still in the N,, air. The 
mixing erat the shallow N,, air and the P, air above 
destroys the front between them and displaces the surface 
front to the east where the N,, air is deeper and less mixing 
occurs. Such mixing brings the potentially warmer air 
from higher levels down to the surface. In comparing the 
temperatures on either side of this occluded front it must 
be remembered that the stations to the west are at a much 
higher elevation than those to the east of the front, and 
that the lapse rate within the N,, air after midday must 
he very close to the dry adiabatic and may even be slightly 
in excess of the dry adiabatic close to the surface. 


On the 8 p. m. map the same rapid movements con- 
tinue. The northern cold front aloft continues as such 
above the P, air, and is fast approaching the surface P, 
cold front which has had little movement on previous 
maps. The movement of the southern cold front aloft is 
very well shown by the thunderstorm which occurred at 
Abilene between 5 and 6 p. m., and another one at Dallas 
which began at 7 p. m. and is continuing at the time of 
the observation. It is interesting to note the temperature 
changes during the day at Goodland, Kans. Goodland 
at 8 a. m. was in the P, air with a temperature of;2° F. 
By 2 p. m. Goodland had been passed by the almost 
stationary warm front, with a resulting rise in tempera- 
ture of 44° F. By 8 p. m. the temperature there dropped 
to 0° F., and we again find Goodland in the P, air which 
has moved southward along with the rapidly moving P, 
cold front aloft. On the 8 p. m. map the fronts on the 
extreme eastern portion of the map, which have been 
complicated by an active cyclone along the east coast, 
are omitted since they do not enter into this particular 
discussion. 


The 2 a. m. map of February 14 again shows the rapid 
advance of the cold fronts aloft; the northern one has 
now almost overtaken the slow moving surface P, front. 
A warm front aloft has been introduced south of Cleve- 
land, indicating a very shallow layer of colder air between 
it and the surface warm front. The effective warm front 
is actually the upper front, where the slope of the cold air 
steepens and in advance of which we see the greatest 
pressure falls and precipitation. The temperature increase 
occurs behind the surface warm front. 


On the 8 a. m. map of the same day we find that the 
northern cold front aloft has overtaken the surface P, 
front and there is only one front, which is moving more 
rapidly than the P, front had moved at any time during 
its history over the United States. The rapid movement 
continued for 12 hours, after which the structure of the 
front changed appreciably when it. became influenced by 
other air masses in a region of considerable activity along 
the east coast. The northern part of the front which is 
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still designated as a cold front aloft is now in a region 
which is well adapted for frontogenesis because there is 
now a favorable discontinuity in temperature at the sur- 
face on either side of the projected position of the front 
aloft. Frontogenesis did occur, and on later maps the 
front aloft was designated as a surface front. 

The air behind the southern P, front aloft has warmed 
by subsidence to such an extent that it has found no 
difficulty in going over the highly modified shallow polar 
air at the surface in the Southeast and displacing the 
Tropical Maritime air aloft and in advance of the P, 
front. Again the passage of the front is well marked by 
thunderstorms at Shreveport, New Orleans, and Pensa- 
cola. The front continued on later maps as a cold front 
aloft with its attendant thunderstorms. 
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A composite map showing the movements of the I, 
cold fronts aloft at the 5,000-foot level is given in figure 
8. The 5,000-foot pressures available for the western part 
of the country at stations where the reduction to the 
5,000-foot level does not involve a difference in elevation 
of more than 1,500 feet, and the available winds at 6,000 
feet, were used for the determination of the location of 
the fronts in each 6-hour period. The positions of the 
northern front closely approximate the positions given on 
the corresponding surface maps, while the positions of 
the southern front fall bebind the surface positions in the 
later stages which indicates only a slow increase in the 
depth of the southern P, air mass as one goes westward. 
These fronts are not shown after 8 p. m. because they fall 
outside of the network of stations that reported 5,000-foot 
pressures. 
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PRELIMINARY REPORT ON TORNADOES IN THE UNITED STATES DURING 1936 
By J. P. Konter 


[Weather Bureau, Washington, D. C., February 3, 1937] 


In keeping with the custom inaugurated in the Decem- 
ber issue of the Revirw, 1925, and continued each year 
thereafter, preliminary statements on loss of life and prop- 
erty damage by windstorms during the year 1936 are 
briefly set forth in this article. A final and more detailed 
study will appear in the United States Meteorological Year- 
book, 1936. ‘The data contained in the latter publication 
prior to 1935 was printed as an integral part of the Report 
of the Chief of the Weather Bureau. 

Practically all the information given in this summary is 
abstracted from Table III, Severe Local Storms, contained 
in the several monthly issues of the Review. The con- 
tents of the table, Severe Local Storms, have been compiled 
from the reports of many observers and the various section 
directors of the Bureau. While it is thought figures given 
are substantially correct, it must be remembered that all 
= subject to change after the final study mentioned 
above. 

April and May, each with 21 (possibly 26 and 25, re- 
spectively), tornadoes, were the months of greatest tornado 
frequency, but the total loss of life, 490 (possibly 497), in 
the month of April greatly exceeded the May fatality fig- 
ures, which amounted to 13. June and July each had 17 
tornadoes, but later study may change the June figure to 
24 and the July figure to 19. 

Tornado frequency for the remaining months were: 
January, 4 (6 less than in 1935); February, 3 (29 in 1935); 
March, 5 (26 in 1935); August, 12 (4 more than in 1935); 
September, 5 (13 in 1935); November, 1 (3 in 1935); De- 
cember, 7 (none in 1935). No tornadoes or possible tor- 
nadoes were reported during the month of October. 

In addition to the 490 deaths during the month of April, 
and 13 (possibly 14) in May, 18 deaths occurred in Janu- 
ary; 4 in March; 9 in June; 3 in July; 2 in August; and 1 in 
December. No deaths resulted from tornadoes during 
February and November, although 3 and 1 tornadoes were 
reported during these months, respectively. 

The total property loss caused by tornadoes in 1935 is 
estimated at over $26,659,900; April, with estimated tor- 
nado or tornadic wind damage of $23,509,000, was the 
month of greatest property loss. The second highest 
figure was $1,432,000 in March. Losses amounting to 
slightly more than a half a million were incurred during 
the months of May and June. 

The appalling loss of life and the enormous property 
damage resulting from tornadoes during the month of 
April were principally the result of two series of destructive 
tornadic action in several Southeastern States during the 
first week of the month.' 

The first series of tornadoes began about 8:30 p. m., 
April 1, at Tignall, Ga. At 9 p. m., Lincolntown, Ga., 
about 17 miles southeast of Tignall, reported a tornado, 
and 50 houses, more or less, were wrecked or demolished. 
The next reported tornadic action came from Sasser, Ga., 
about 6 a.m., April 2. At 7:30 a. m. most likely the same 
storm struck Leesburg, Ga., which is located 10 miles east 
of Sasser, Ga., and the storm continued on to Cordele, 
Ga. One death was reported from each of the two towns, 
Sasser and Leesburg, Ga., with $3,000 and $4,300 property 
damage, respectively. The storm was unusually destruc- 
tive at Cordele, Ga.; 23 persons were killed, 500 injured, and 


1 For more detailed description see ‘“Tornado Disasters in the Southeastern States’’. 
by J. B. Kincer, MONTHLY WEATHER REVIEW, May 1936. 


roperty damage amounted to $3,000,000. One hour 
ater a tornado occurred at Red Lodge, S. C., one farmer 
was killed and farm property valued at $1,000 reported 
destroyed. ‘The last recorded instance of this tornado was 
at Greensboro, N.C. The time of occurrence was shortly 
after 7 p.m., on April 2. The fatalities numbered 13; 144 
were injured, and property damage was estimated at ap- 
proximately $2,000,000. adios the last remnant of this 
series was the report of J. F. Hunter, cooperative observer 
at Arcola, Warren County, N. C., who states: ‘“‘a heavy 
cloud and loud roar passed north of me at 9:15 p. m.” 

The second series of storms began in the northeastern 
part of Arkansas on the afternoon of April 5. In all, 
three towns, Melbourne, La Crosse, and Larkin, experi- 
enced tornadic disturbances; one death resulted, and prop- 
erty damage amounted to $40,000. The next outbreak 
was reported from the south-central section of Tennessee ; 
Hardin, Wayne, Lewis, and Maury Counties, all in Ten- 
nessee, very likely were affected by the same storm. Six 
deaths were reported and property damage amounted to 
$200,000. 

At about the time of the Tennessee tornado the north- 
eastern part of Mississippi was visited by a similar storm. 
Eight deaths and property damage of $35,000 were in- 
curred at Coffeyville and Booneville, Miss., while at Tupelo, 
Miss., 216 deaths occurred and property damage amounted 
to $3,500,000. The same tornado in its northeastward 
movement was felt at Red Bay, Ala., at 9:02 p. m., April 5, 
and continued in a northeasterly direction, incurring havoc 
at Belgreen, Rogersville, and Elkwood. Twelve deaths 
and property damage of $155,000 was reported from the 
last four named cities in Alabama. 

No tornadoes were reported between 11 p. m. on the 5th 
and the early morning of the 6th, when without question 
the greatest disaster of the entire series occurred in north- 
ern Georgia. About 8:30 a. m. of this date one occurred 
about a mile north of Acworth, where a store and a grist 
mill were completely demolished. Other buildings were 
damaged but no deaths resulted. 

About the same time as the tornado struck near Ac- 
worth, or perhaps a few minutes earlier, if the time of 
occurrences are correctly reported, the Gainesville and 
New Holland tornado occurred; 203 deaths were reported, 
while 934 others were injured. The last tornado of this 
series in Georgia was reported at Lavonia about 9:30 
a. m., and Anderson, S. C., which is east-northeast of 
Lavonia, reported a tornado at 10:05 a. m., which per- 
haps was a continuation of the Georgia series, and also 
the last reported instance. 

According to J. B. Kincer of the Weather Bureau, who 
made a very detailed study of the series, as well as other 
notable tornado disasters in the United States ‘“‘the group 
of tornadoes comprised by these two series, considering 
the number of people killed and injured and the property 
damage, probably ranks third in destructiveness in the 
tornadic history of the United States.” In general, in the 
first series of April 1-2, about 41 persons were killed and 
540 injured; in the second, April 5-6, some 452 persons 
were killed and 1,775 were injured. 

The total number of lectiadend during the year, approx- 
imately 113, was 69 less than in the preceding year. The 
total number of deaths resulting from the 1936 storms 
were estimated at 540, which is 372 above the average. 
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If further study shows the storms listed in the table of 
tornadic winds to be true tornadoes, the 1936 number will 
be 135 tornadoes, 550 deaths, and property losses exceed- 
ing $26,902,500. 


TORNADOES AND PROBABLE TORNADOES 


& ELS |e el 
Number...... 4 & 21 17, #17) #12 1 7 113 
Deaths......-| 1 13; 3 


2 1 540 


1 In thousands of dollars. 
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TORNADIC WINDS AND POSSIBLE TORNADOES? 


] 
50. 5) 25. ‘| 20. 2)124. 1) 25.0) (%) -|245. 6 


2 Some of these may not be classed as tornadoes in the final study. 
3 Damage occurred, no estimate obtained. 


TROPICAL DISTURBANCES OF 1936 


By I. R. TANNEHRILL 


(Weather Bureau, Washington, January 1937] 


During the hurricane season of 1936 (June to November, 
inclusive), 17 tropical disturbances were charted over the 
North Atlantic Ocean, including the Caribbean Sea and 
Gulf of Mexico. This is the second largest number ever 
recorded in a single season, having been exceeded only by 
21 in 1933. 

The percentage which reached full hurricane intensit 
was unusually small in 1936. During the 50-year pasiedl: 
1887 to 1936, inclusive, slightly more than 50 percent of 
all tropical disturbances of record were of full hurricane 
intensity, whereas during 1936 only 5 out of 17, or slightly 
less than 30 percent, were of known hurricane force. 
There was only one hurricane out of 6 disturbances in 
August; during that month more than 70 percent nor- 
mally are fully developed hurricanes. 

A synopsis of the outstanding features of the 17 dis- 
turbances of 1936 is given in the appended table. 

While the number of disturbances during 1936 was unus- 
ually large and many of them were of minor character, it 
is not believed that the excess is due in any considerable 
measure to increased facilities for reporting them. In fact 
there were three disturbed conditions in tropical waters 
during the 1936 season that have not been listed in the 
table. The first of these reached the southern coast of 
Haiti on June 24, causing some loss of life and the ground- 
ing of the S. S. Baron Ogilvy. There were insufficient re- 


ports in this case to show definite cyclonic character. On 
July 12 and 13, and again on July 21 and 22, there were 
disturbed conditions in the southwestern Gulf and near 
Puerto Rico, respectively, which were probably cyclonic 
but of very mild character. On the whole it must be con- 
sidered an extraordinarily active season for the genesis of 
tropical disturbances, but one in which conditions were 
infrequently favorable for full development. 

In respect to another feature, also, the season was an 
unusual one: From an examination of the accompanying 
track chart it will be seen that there was a remarkable 
deficiency of tropical storms in the Caribbean Sea. While 
it appears that several which crossed the Gulf had their 
origin in the extreme western Caribbean, the courses of 
nearly all of the season’s disturbances lay wholly, or 
almost entirely, outside the Caribbean. 

Of the five hurricanes, two crossed the coasts of the 
United States, and one, the great hurricane of mid-Sep- 
tember, passed very near the Middle and North Atlantic 
coast. Loss of life and damage to property during the 
season were relatively small, however. Warnings and 
advices which were timely, frequent, and accurate, con- 
tributed largely to the preservation of life and property, 
notably in connection with the September hurricane on 
the coasts of North Carolina, Virginia, Maryland, Dela- 
ware, and New Jersey. 


Synopsis of tropical storms 1936 (number of storm in table corresponds with number of track on accompanying chart 


Sheree Date Place where first Coast lines Maximum wind 
. reported crossed velocity reported 
1 | June 11-17......| Bay of Honduras} Mexico, Florida. ra. 9, on 2 steam- 
ships. 
Il | June 19-21...... Near Yucatan...| Mexico........-- 8. 8. Cayo 
11} | June 26-27...... Gulf, east of | Texas._......... 80,1 WNW., Port 
Brownsville. Aransas. 
IV | July 26-28...... ae western | Louisiana. -..-.-.- i? at Delta Farms, 
uba. a. 
V | July 27-Aug. 1..| Southeastern Ba-| Florida... 90-100, ENE., Val- 
hamas. paraiso, Fla. 
VI | Aug. 4-9._......] Near 4 N., | 
VII | Aug. 8-12.......] Gulf, south of | 
Louisiana. 
VIII | Aug. 15-19....-- Gulf, near .| Force 9, 8. 8. Cauto..-. 
tan Channel. 
IX | Aug. 20-22...... Bahamas..----- Titusville, 
a. 
xX | Aug. 28-30...... Near east coast | Mexico.........- Force 11, 8. 8S. Cayo 
of Yucatan Mambi. 
XI | Aug. 28-Sept.5.| Near 17° N., | Nome......-...-- Force 12 8. S. West 
43° W. Lashaway. 
XII | Sept. 7, 8.......| Near 20° N., j..... 
65° W. 


Estimated. 


Lowest barometer Place of 
reported dissipation Intensity Remarks 
29.46, S.S. Duquesne..| North Atlantic..| Not of hurricane in- | Probably crossed Cen- 
tensity. tral America from 
Pacific. A. 
Mambi. 
29.16, fishing vessel | Southern Texas.| Probably of burricane Prepesty damage 
Sea Gull intensity. $550,000. A. 
29.62, Delta Farms, | Mississippi_.... Not of hurricane in- R 
La. tensity. 
28.73, Valparaiso, Fla..| Alabama........ Property damage 
$150,000. B 
Mexico..........| Not of hurricane in- 
tensity. 


hurricane intensity. 
29.60, Titusville, Fla._| Middle Gulf | Not of hurricane in- | C. 


Coast. tensity. 
29.52,8.S8. Cayo Mambi | Doubtful but near 
hurricane intensity 
28.32, 8. 8. Nike....- North Atlantic Hurricane. . . D. 


65° W. 
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Synopsis of tropical storms 19386 (number of storm in table corresponds with number of track on accompanying chart)—Continued 
Place where first Coast lines Maximum wind Lowest barometer Place of 
Storm Date reported crossed velocity reported reported dissipation Intensity Remarks 
XIII | Sept. 8-26.......| Near 13° N., | Passed near Cape] 80, NW., Hatteras_.--- 28.49, 8. S. Limon...--. North Atlantic..| Hurricane...........-- A violent hurricane of 
50° W. Hatteras. large diameter; dam- 
age $1,600,000. D. 
XIV | Sept. 11-13_.....| Bay Force 8,8.8. Nemaha..| 29.54, Brownsville... Southern Texas.| Not hurricane in- | D. 
peche. tensity. 
XV | Sept. 19-24.....- 4 N., | Nova Scotia_.... Force 12, S. 8. Sara- | 28.948. 8. Saramacca._| Nova Scotia..... D. 
6: macea. 
land coast. 
peche. 


More coinplete reports in MONTHLY WEATHER REviEw: (A) June 1936; 64: 204, 205. 


EXTRATROPICAL DISTURBANCE IN 


(B) July 1936; 64: 238, 239. (C) August 1936; 64: 267, 268. (D) September 1936: 64: 297-299 


LOW LATITUDES OF MID-ATLANTIC, 


DECEMBER 1936 


By Jean H. GALLENNE 
{Marine Division, Weather Bureau, Washington, January 1937] 


A disturbed condition, which appeared over the eastern 
Atlantic near the twenty-fifth meridian at about 30° N., 
on December 4, pursued an unusual course and attained 
considerable force on the 7th in mid-Atlantic. The track 
of the center of this disturbance is given on chart XI. 
Reports do not clearly show its movement from the 6th 
to 7th (dotted portion of track), and the center shown by 
observations on chart X may have been a fresh develop- 
ment. Its subsequent course to the south-southwestward 
carried it to low latitudes (apparently south of the twen- 
tieth parallel) on the 9th, after which it recurved and 
moved northwestward before dissipating on the 12th. 

Pressure attending this disturbance was unusually low 
for the latitude and season; and the interruption of the 
trade winds over a considerable area was noted in many 
vessel weather reports. During this time the Atlantic 
anticyclone was well developed, but lay north and east of 
its usual position. 

In fact, a ship report of 30.89 inches on December 8 at 
44.5° N., 18.2 ° W. indicates an abnormal development 
and position of the Atlantic anticyclone. By the time the 
disturbance had dissipated, the anticyclone had assumed 
a position farther west than normal, with unusual develop- 
ment—pressure 30.74 inches on December 12. 

At the time of the first appearance of the disturbance, 
observations from a number of ships indicated that baro- 
metric pressure over the North Atlantic Ocean in the 
vicinity of 31° N. and 32° W., was considerably below 
normal. A fairly well developed cyclonic wind circulation 
existed at 7 a. m. of the 5th. The Dutch steamship 
Venezuela at 9:32 a. m. (local mean time) of the 5th, when 
near 31° N. and 37° W., reported wind of force 6 from the 
west, barometer reading 29.87 inches. Winds of force 8 
were also reported from ships in the northerly quadrant 
of the depression, on that date. 

Progressing in a northwesterly direction during the next 
24 hours, this disturbance was centered near 33° N. and 
35%° W. at 7 a. m. (e. s. t.) of December 6. On the morn- 


ing of that day, it appeared to be moving into a Low 
trough which extended to the north-northwestward toward 
Julianehaab, Greenland; but due to the southwesterly 
trend of high pressure, which had overspread the northern 
portion of the Atlantic Ocean, its course was directed more 
to the westward. 

The Italian steamship Clara at 9:50 a. m. (local mean 
time) December 6, when near 33° N. and 334%° W. re- 
ported SSE. winds of force 5, rough sea, barometer 
reading 29.74 inches. This same vessel subsequently 
reported that at noon, near 33° N. and 33°40’ W., SSE. 
winds of force 7 were encountered and that the barometer 
was falling. During the afternoon the wind shifted 
through S. to SSW., increasing to force 9-10, accompanied 
by a very high sea. The barometer continued to fall until 
4 p.m. The barometric minimum, 29.41 inches (cor- 
rected), occurred at that time; the vessel reported her 
position to be 32°59’ N. and 33°58’ W. 

Fresh to high winds were encountered by several shi 
near the path of the disturbance during the 6th. On 
the morning of the 7th, the British motorship Benedick at 
8:42 a. m. (I. m. t.) when near 32°43’ N. and 49°23’ W., 
py squally weather with NNW. wind of force 9 and 
a barometer reading of 29.65 inches. High winds accom- 
panied by rain were also experienced on the 7th by vessels 
near the center of the disturbance at latitude 32° N. and 
47° W. (chart X). 

The steamship West Jrmo noted whole gales from the 
NNE., with barometer reading 29.77 inches, on the 
morning of the 8th, when near 26° N. and 56° W. At 
the p. m. observation of the 8th this same vessel when 
near 24%° N. and 54%° W., reported NE. wind, force 8; 
barometer 29.74 inches. The disturbance was then 
moving south-southwestward. 

During the period of recurve on December 9 and there- 
after until the disturbance dissipated on the 12th near 
25° N., 53° W., ships’ reports do not indicate that there 
were any winds of gale force. 


( Plotted by J. H. Gallenne) 


Paths of Hurricanes anda Other “Tropical Storms, 
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DUSTSTORMS OF AUGUST-DECEMBER 1936 IN THE UNITED STATES 


By R. J. Martin 
{Weather Bureau, Washington, January 1937] 


Despite the dryness of the last 5 months of 1936 in 
much of the Great Plains area and the Southwest, dust- 
storms were less frequent and decidedly less severe in 
character than during some of the preceding months of 


the year. But while rainfall totals in September averaged 
from 118 percent to 253 percent of normal in Arizona, 
Colorado, New Mexico, Kansas, Texas, and Oklahoma, 


and portions of the States named had above-normal 
amounts in August, October, November, and December, 
occasional storms occurred during the autumn and through 
December, showing that in some southwestern areas the 
drought is still unrelieved. 

While August rainfall was decidedly subnormal in most 
Plains States and the Southwest, with totals in large areas 
ranging from less than 10 to 25 percent of normal, dust- 
storms were fewer than in several other months of 1936. 
Only a few duststorms were reported, and the frequency 
seldom exceeded 6 for the month, ranging from 3 or less 
in the southern Great Plains to about 10 locally in the 
more northern Plains States. They were most frequent 
from the 16th to the 23d, though there were a few isolated 
occurrences early in the month and near the close. 

Dust was reported from Idaho eastward to Illinois, and 
from Oklahoma northward, but only rarely did it reduce 
visibility to a marked degree, the general average of 
minimum visibility being from 2 to 5 miles. The most 
severe local duststorm occurred at Boise, Idaho, on 
August 2, when visibility was reduced to 25 feet or less 
for short intervals. 

The storms of September were mostly light in character 
though occasional dense dust was reported in Montana, 
North Dakota, Nebraska, Colorado, and Oklahoma. 
Light dust was noted over most western sections from 
Texas and New Mexico northward and in the upper 
Mississippi Valley. Light dust was general in eastern 
Montana and Colorado and in Nebraska and South 
Dakota. The storms were scattered throughout the 
month, being reported in each week, but were most fre- 
quent from the 17th to the 29th. 

The visibility was seldom less than 2 miles, but during 
the dense storms in those States mentioned above it was 
considerably less. The first dense storm of the month 
was reported at Cloud Chief, Okla., on the Ist, where the 
visibility was reduced at times to 5 yards. Between 
4:20 and 4:25 p. m. on the 12th dense clouds of dust 
about 2,000 feet high were noted along the foothills north- 
east of Helena, Mont., but only light dust was reported 
in the city. In northeastern Colorado the storm of 
the 25th reduced visibility to 300 yards, and at 6:30 p. m. 
in Denver it was zero while by 9 p. m. the storm had 
moved on to Pueblo where the visibility was less than 
one city block; the airpert at the latter station reported 
& maximum wind velocity of 50 miles per hour during this 
storm. On the same date dense dust occurred at Lincoln, 
Nebr. Farther north Bismarck, N. Dak., reported a 
visibility of one-fourth mile at times on the 13th. The 
dust reported in Colorado on the 23d—25th blew in from 
the Navajo Indian Reservation in Utah. 

During October duststorms were reported from eastern 
New Mexico and the Texas Panhandle northward to the 
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Canadian Border, and from the Rocky Mountain States 
eastward to the middle Mississippi Valley and the Lake 
region. The storms were generally of light intensity and 
short duration, and were most frequent on October 9, 10, 
17, 20, 28, and 30. On the 30th these storms were general 
in North Dakota and widespread storms occurred during 
the month in eastern Montana and South Dakota. The 
storms of the 30th were classified as the worst of the 
season in eastern South Dakota; at Huron the visibility 
was reduced to 1,300 feet, and at Moorhead, Minn., the 
dust on the 30th was dense from 1 p. m. to 5 p. m., with 
visibility reduced to one-fourth mile the greater part of 
the afternoon. Only a few dense occurrences other than 
the above were reported; in most cases visibility during 
the height of the storms ranged from 1% miles to 7 miles. 
The dust reported at Madison, Wis. was apparently 
brought from the Dakotas. 

During November dust was widespread, being reported 
from Port Arthur, Tex., to the Canadian Border and from 
the Rocky Mountains eastward to Chattanooga, Tenn., 
and Buffalo, N. Y. Most of the storms occurred late in 
the month, generally from the 19th to the 25th, and ranged 
in frequency from only one occurrence at some stations to 
six or more at others, the greatest number being reported 
in the central and northern Great Plains. “Dust was 
encountered at various altitudes by aviators, the height of 
the clouds ranging upward to 4,000 feet east of Wichita, 
Kans., and 6,000 feet at Chicago, Ill., where the visibility 
was reduced to 3 miles. 

General storms were reported in Iowa and the Dakotas, 
eastern Colorado and New Mexico, Missouri, southwestern 
Wisconsin, eastern Montana, and eastern Nebraska. In 
portions of North Dakota street lights were necessary at 
times when visibility was least. In central South Dakota 
and portions of lowa the storms were the worst in 2 years. 
In general, minimum visibility in the densest storms was 
one-half mile, but in portions of Nebraska it was reduced 
to ~ iat mile on the 22d, and to 100 yards on the 
24th. 

Light dust was reported in the Plains States during 
December from Oklahoma northward, in some Rocky 
Mountain sections, and in portions of the upper Mississippi 
Valley, the frequency ranging from 6 days in the southern 
plains to 2 or Jess in the north. On the 28th and 29th the 
visibility in Baca County, Colo., was reduced to from 
50 feet to one-half mile at times from 9 a.m. to3 p.m. In 
Sierra, Valencia, and Luna Counties, New Mexico, visi- 
bility on the 16th—17th was reduced to 100 feet by local 
duststorms, and on the 23d rather severe local storms in 
Roosevelt, Lea, and Eddy Counties reduced visibility to 
one-half mile from 11 a. m. to 4 p.m. In plains sections 
of Mora, Colfax, Harding, and Union Counties, New 
Mexico, visibility was reduced to 100 feet on the 30th from 
9 a. m. until sunset. Much topsoil was blown from fields, 
and in Colfax County it was the most severe storm in 
several years. 

In North Dakota light dust was general on the 19th, 
and several storms occurred in central Montana where 
Geraldine (near) reported a “terrific duststorm”’ from 
6 p. m. of the 19th to 3 a. m. of the 20th. 
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ON THE COMPUTATION OF ATMOSPHERIC TURBIDITY AND WATER VAPOR FROM 
SOLAR RADIATION MEASUREMENTS—A CORRECTION TO PREVIOUS NOTE 


In a paper in the Review for November 1936, page 377, 
appears the following statement: 

I was greatly shocked when I discovered that the mean of values 
derived from /,—J, and from J,,—J, had been employed in deter- 
mining the values of 8 for dry air. I very much regret this error 
for which I assume full responsibility. 

However, at a conference with my former associates at 
the Weather Bureau, it has now been made clear that the 
supposed erroneous method was correct. Therefore, no 
corrections are necessary to earlier computed values of £. 

In computing values of 8 from J,—J,, I made use of a 
method that Hoelper has criticised on the ground that 
I,—TI, is too small a number to give accurate results. In 


this case, however, after November 15, J,—J, had been 
measured by a very accurate instrument. It is, therefore, 
believed that the value derived from J,— J, may be accepted 
as reasonably correct. 

Beginning with January 1937, curves published by 
Hoelper in the Deutschen Meteorologischen Jahrbuch for 
1933, and which Feussner recommends, will be employed 
in the United States in computing both 8 and w by the 
method now followed at European observatories, except 
that for the present, at least, we shall compute w from the 
difference between J,, (dry) and J, (observed).—H. H. 
Kimball. 
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p. 29-36. tables, diagrs. 25cm. (From: Terrestrial mag- 
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The Montana earthquakes of 1935. Butte, Montana. 1936. 
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77 p. tables, diagrs. 25 em. (Landwirtschaftliche Ver- 
suchsstation Kamennaja Steppe.) [Text in Russian; title 
also in German.] 


Takegami, Toshichiro. 

A study of the effect of a local wind upon the sea-surface and on 
the development of the internal boundary wave. Kyoto. 
1936. p. 109-130. formulas, diagrs. 26 em. (Reprint: 
Memoirs of the College of science. Kyoto imperial uni- 
versity. Series A. v. XIX, no. 3. May 1936.) ‘ 

Thomas, Harold Allen. 

The hydraulics of flood movements in rivers, by Harold A. 
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works administration. Pittsburgh, Pa. 1934. 70. p 
diagrs. 22% cm. 
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Washington, Government printing office, 1917-1935. 8 v. 
illus., maps (part col.), diagrs. 46cm. Prepared under the 
supervision of O. E. Baker. 

U.S. Dept. of Agriculture. Office of information. Press service. 
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Plains. (Release for publication Sept. 8, 1936.) Wash., 
D.C. 1936. 4p. diagr. 27 cm. 
Wentworth, C. K., & Ray, L. L. 
Studies of certain Alaskan glaciers in 1931. N. Y. 1936. 
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Simon Newcomb, 1835-1909. Wash., D.C. 1936. p. 139-150. 
port. 25 em. (Reprint: Journal of the Wash. acad. of 
sciences. v. 26, no. 4, April 15, 1936.) 
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SOLAR OBSERVATIONS 


SOLAR RADIATION MEASUREMENTS DURING 
DECEMBER 1936 


By Irvine F. Hanp, Assistant in Solar Radiation Investigations 


For a description of instruments employed and their 
exposures, the reader is referred to the January 1935 
REVIEW, page 24. 

Table 1 shows that solar radiation intensities averaged 
below normal at Washington and Madison, and slightly 
above normal at Lincoln. 

Table 2 shows a deficiency in the amount of total solar 
and sky radiation received on a horizontal surface at all 
stations with the exception of Madison, Fresno, New York, 
and Twin Falls. The percentage departures for the year 


show that all stations had an excess with the exception of 
Twin Falls, Miami, Riverside, and Blue Hill. 

Beginning with this issue table 3 appears in a slightly 
different form containing two new columns, thus enabling 
the reader to better follow the method of computation. 
On the computation of 6 and w, see the November Ke- 
VIEW, Pp. 377, and this Review, p. 430. 

Polarization observations obtained at Washington on 6 
days give a mean of 55 percent with a maximum of 60 
percent on the 5th. At Madison observations were ob- 
tained on 2 days only, the 4th and 31st, with values of 
54 and 64 percent, respectively. All of these values are 
slightly below the corresponding normals for December. 
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TaBiLe 1.—Solar radiation intensities during December 1936 TaBLeE 1.—Solar radiation intensities during December 1936—Contd. 
(Gram-calories per minute per square centimeter of normal surface) LINCOLN, NEBR. 
WASHINGTON, D. C. 
Sun’s zenith distance 
Sun’s zenith distance 
8a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 
8a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon iu 
! Date 75th Air mass Local 3 
mer mean 
Date 75th Air mass Local time solar 
mer. ~~; A. M. P.M time 
solar 
A.M P. M. time 
11.0 e 5.0 4.0 3.0 2.0 2.0 3.0 4.0 5.0 e 
e 5.0 4.0 3.0 2.0 2.0 3.0 4.0 5.0 e 
mm. | cal. mm. 
.00 | 0.96 3.45 
mm.| cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | mm. Dee. 10........ 2. 16 96 1, 32 
89 | 0.76 | 0.63 | 2.36 +.04 |-+.03 |+.05 |+.04 |+.02 |...... 
—.06 |—.04 |—.68 —.09 |—.06 |—. 04 
1.1 | 0.83 15 
MADISON, WIS. 3.2 
2.0} 1.01 18 
-9 . 94 2.8 
1,52 | 1.00 | 1.18 1.20 | 1,32 £3 3.2 
2.6 
1 Extrapolated. Means........|...... 94 | 1.05 | 1.15 | 1.37 1.34 | 1.23 | 1.09 | 1.03 
TABLE 2.—Average daily totals of solar radiation (direct+ diffuse) received on a horizontal surface 
Gram-calories per square centimeter 
ash- : vew win ; New iver- Blue San Friday ; 
ington Madison | Lincoln | Chicago York Fresno Falls La Jolla | Miami Orleans side Hill Juan Harbor Ithaca c 
1936 cal. cal. cal. cal. cal. cal. cal. cal. cal. cal. cal. | cal cal. cal. cal. 
/ eee: eS: 120 122 139 78 118 204 123 258 299 15 225 99 456 54 sO 
2 aes ee 102 155 213 119 113 181 140 200 275 44 187 100 458 85 a4 
OS Seer es es 162 142 140 109 129 66 126 249 290 281 244 160 419 59 80 
TIES idatitcinenantien 159 137 106 68 130 128 102 176 268 147 166 114 | 239 72 83 
Departures from weekly normals 
—39 +6 —33 +9 +16 +13 —16 +12 | —2% -1 
—34 +42 +47 +79 +12 +2 —33 —140 +10 +2 
+17 +22 —38 +21 +32 —83 +10 +91 +21 —12 
+10 +14 —68 —17 +15 —10 —15 —54 +4 —17 
Accumulated departures on— 
+5, 152 | +4, 564 | +7, 707 | +11, 613 | +8, 379 +4, 550 | REE Elicectocte | —8, 827 | Deamenwaiall | —1, 246 | — 1, 638 | —— "2 | +1, 21 | +987 
Percentage departure for year 
+44 +18.4 +2.7 -18| | —0.8 -1.3| | +08 | +0. 8 
» 18-day means. 
) 
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ON THE METHOD EMPLOYED FOR COMPUTING £ AND W, SEE P. 430 OF THIS REVIEW.—ED. 


TaBLe 3.—Total, I, and screened, I, 


I, 
atmospheric turbidity factor, 8, and water-vapor content, w=depth in millimeters, if precipitated 


AMERICAN UNIVERSITY, WASHINGTON, D. C. 


DEcEMBER 1936 


, solar radiation intensity measurements, obtained during December 1936 and determinations of the 


(*) (*) 
(*) 
1.94 1.04 
Date and hour angle Air mass ole w 
Percentage of solar 
constant 
1936 
Dee. 4 A og m gr cal. gr cal. gr cal. gr cal. gr cal. mm 
SE Wika ck botiintebdandelbcadedtlicakes 27 00 2. 20 1, 042 0. 760 0. 633 0. 864 0. 729 0. 118 58.7 6.5 2.21 Pec 
27 25 2.17 1, 063 764 637 869 733 -118 59.1 5.9 19 
Dee. 
25 53 2. 29 1. 197 907 745 1. 031 . 857 . 059 69. 4 9.5 5.21 Pc 
25 19 2. 33 1, 191 905 746 1, 030 . 858 060 69. 6 10.0 6.9 
Dec. 8 
14 56 3. 84 1. 039 822 686 932 787 044 62. 1 10.2 481 Pec 
BU, coccdencesedoaseoaieniondenaaaad 15 36 3. 68 1, 083 . 824 . 688 . 935 7 . 046 62. 6 8.4 2.8 
toy a ee 25 36 2.31 1. 196 . 883 .710 1, 001 815 . 046 71.6 11.8 14.0 
25 09 2. 35 1.170 885 712 1, 003 818 044 7L4 12.9 21.0 
Dee. 21 
15 07 3. 80 985 749 630 848 722 053 59. 3 10. 2 4.7| Ne 
15 26 3.72 - 971 755 634 . 854 727 068 57.3 8.8 3.1 
26 36 2. 23 1, 282 944 . 776 1. 070 890 066 70. 5 6.6 2.3 
26 48 2. 22 1, 295 044 776 1. 070 . 890 055 70.6 6.0 1.9 
Dec. 22 
13 10 4.32 . 699 - 600 521 678 596 100 43.9 9.1 3.1 | Pe 
13 50 4.12 . 703 609 . 530 689 606 . 104 44.7 9.6 3.7 
26 11 2. 26 1. 052 681 918 . 780 -110 59.8 7.3 2.8 
26 02 2. 28 1.073 807 677 -777 106 60.0 6.5 2.2 
Dec. 24 
14 06 4. 04 863 699 . 574 791 657 050 58.8 15.8 38.0 | Ne 
14 30 3. 94 871 709 584 802 669 . 055 58. 2 14.8 23.0 
Atmospheric conditions during turbidity measurements 
* Values reduced to mean solar distance. 
Dec. 4. Temperature 3° C.; wind, NW 12; polarization, 53 percent; visibility, 20 miles; sky blueness, 5. 
Dec. 5. Temperature 1° C.; wind, N. 12; polarization, 60 percent; visibility, 50 miles; sky blueness, 6. 
Dec. 8. Temperature—4° G.; wind, N. 9; polarization, 51 percent; visibility, 30 miles; sky blueness, 5. 
Dec. 21. Temperature 0° C.; wind, W. 14; polarization, 58 percent; visibility, 30 miles; sky blueness, 6. 
Dec. 22. Temperature—1° C.; wind, NW. 12; polarization, 54 percent; visibility, 12 miles; sky blueness, 5. 
Dec. 24. Temperature 0° C.; wind, S. 5; polarization, 54 percent; visibility, 30 miles; sky blueness, 6. 
BLUE HILL METEOROLOGICAL OBSERVATORY OF HARVARD UNIVERSITY 
Dec. 1 
15 19 3. 74 984 604 596 763 671 0. 090 51.0 1.8 0.9} Pc 
4.47 1, 058 .712 . 608 . 731 . 697 . 050 62.0 9.1 47 
3. 56 1. 244 . S41 . 690 . 967 . 793 . 061 68.1 8.9 3.2} Pc 
2. 35 1, 288 . 868 . 716 . 986 . 824 . 072 66.3 1.8 1.0 
4.85 . 928 . 652 . 560 745 - 639 . 090 48.0 3.6 1.7} Pc 
2.05 1. 264 . 856 . 708 . 973 . 813 . 065 70. 5 13.0 9.2 
3.02 1. 200 - 820 . 684 - 939 . 792 . 064 62.0 2.0 1.2] Ne 
2.13 952 656 560 . 740 639 152 48.0 .3 
2. 48 1. 060 . 730 604 827 693 152 59.1 6.5 NP 
4.25 688 496 404 561 462 080 49.0 4.1 2.0 | Nrc 
3. 06 1. 268 . 808 . 706 . 914 . 808 . 113 51.8 11.0 6.3 
2. 63 1. 400 . 936 . 760 1. 060 . 870 . 024 75.5 5.6 3.5 | Pe 
4. 25 1.116 . 784 . 640 . 894 . 733 . 027 66.4 10. 5.4 
3.77 1, 104 . 776 . 638 . 876 . 730 . 045 61.6 6.5 3.4 
3. 13 1,118 808 664 -912 . 759 065 61.3 2.5 1.4| Np 
2. 68 1, 296 . 880 . 724 . 992 . 826 . 090 73.0 8.3 5.1 
2. 45 1. 388 - 936 - 761 1. 056 . 869 . 080 77.0 8.0 5.2} Pc 
2. 93 1. 296 . 872 - 720 - 983 . 800 . 080 69.6 4.5 2.7 
2. 43 1.344 . 888 732 1, 001 834 062 69. 2 2.0 1.3] Pe 
4.74 1.104 748 700 845 807 052 57.8 5.4 3.1 
2. 52 914 656 558 742 639 156 50. 2 4.6 2.9 | NP 
2. 86 1. 144 . 784 . 640 . 888 . 734 . 062 66.4 6.0 3.6 
2. 49 1. 240 . 836 . 680 - 946 . 781 . 062 67.2 3.4 2.2] NP 
2. 48 1, 336 . 892 . 728 1. 008 . 832 . 083 69. 2 2.6 1.7 
2. 41 1,344 . 892 - 732 1. 008 - 837 . 061 69.0 2.0 1.3] Pc 
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Atmospheric conditions during Smithsonian Observations December 1936 
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PROVISIONAL SUN-SPOT RELATIVE NUMBERS, DECEM- 
BER 1936 


Tem- 
Time from Sky (Dependent alone on observations at Zurich and its station at Arosa] 
pera- Wind, Visi- ness remar 
Date Beaufort | bility Cloudt end ks {Furnished through the courtesy of Eidgen. Sternwarte, Zurich, 
witzerlan 
Dec. 1 | 3:36 a. m....- —13.1| NNW3 6 6 | Few Cu; moderate to dense December Relative December Relative December Relative 
haze; instrument indoors. 1936 numbers 1936 numbers 1936 numbers 
5 | 3:19 a. m..... —2.8 | NW 4..... 7 9 | Zero clouds; moderate haze; 
5 | 0:08 7| NWS 
8 | 3:26 a. —11.3 | NE 3_..... 6 9 | Trace Acu; dense haze. coded We 76 || 117 
14 | 1:15 p. m.. +1.3 | SW 2...... 7 9 | 2 Ci; metre haze; instru- 3 a 13 d 74 23 130 
15 | 1:52 a. +4.1 | 6 8 | Zero clouds; dense haze. 71 Eaced 149 
18 | 2:10 a. m____- —6.8 | NW 5....- 9} 10 | Zero clouds. 151 
:26 a. m....- —6.1 | NW 5... race Cu and Freu. 
23 | 0:568.m_...- 8] 10] Trace Ci. 6.0. Ec 146 || 43 || a 150 
24 | 2:09 a. m..... +14 | SW 4...... 5 8 | 2 Ci; dense haze. Wee 70 |i a 151 
28 | 1:20 a. m-..-- +8.3 | WNW 6-- 8 10 — trace Cu; moder- g Ec 134 || 18 d 88 || 28 ad 135 
28 | 0:35. m.....| +83] WNW6..| 10] Trace Cist;TraceCu;moder- 9-------- 104 |} 19...---. 85 || Eacd 167 
29 | 0:37 a. m..... +2.8 | ENE 3.... 8 9 | 4Ci, moderate haze to NE. 
181 


POSITIONS AND AREAS OF SUN SPOTS 


Note.—The reports for November and December 1936, 
not having been received in time, will be included in the 
January 1937 issue of the Revisw.—Ed. 


Mean, 27 days=117.5. 


a= Passage of an average-sized group through the central meridian. 

b= Passage of a large group or spot through the central meridian. 

c= New formation of a group developing into a middle-sized or large center of activity: E 
on the eastern part of the sun’s disk; W, on the western part; M, in the central circle 


zone. 
d= Entrance of a large or average-sized center of activity on the east limb. 


AEROLOGICAL OBSERVATIONS 
[Aerological Division, D. M. Lrrre, in charge] 
By L. P. Harrison 


Mean free-air temperatures and relative humidities for 
December, as determined from airplane weather observa- 
tions, are given in table 1. The “departures from 
normal” given in the table are based on “normals” 
derived from the number of observations indicated in the 
note at the foot of the table, where the numbers of years 
over which the observations were taken are given by the 
figures in parentheses. In general, the numbers of 
observations available for computing “normals” for the 
higher levels are less than those available for the lowest 
levels (represented by the data given in the footnote). 
To compensate for this discrepancy, the “normals” are 
obtained by applying the mean differences between the 
successive standard levels to the data for the lower levels 
where the “normal” for the surface based on the indicated 
number of observations serves as the reference basis. 
The “normals” in each case include the data for the cur- 
rent month. It will be noted that many of the “normals” 
are based on only three years of observations. ‘“De- 

artures from normal” in such cases must be regarded as 

aving little weight in comparison with departures from 
“normals” based on much more extended periods of 
record (35 or more years, say, which are not uncommon in 
climatology). 

The mean temperatures for the month at the surface 
(see chart I) were above normal over practically the entire 
country. The greatest positive departures from normal 
temperature at the surface were to be found largely in the 
central part of the country, the southern portion of the 
Great Lakes area, the coastal strip extending approxi- 
mately from Massachusetts to New Jersey, and also a 
small region from eastern Washington to western Mon- 
tana. Departures in these areas generally were from 
+1.5° to nearly +3.5° C. Small regions of negative 
departure from normal were to be found in parts of 
roam and central California as well as eastern Mon- 

a. 


The mean temperatures for the month in the free air 
(see table 1) were largely above normal in the eastern 
third, and in a portion of the central part, of the country. 
The greatest positive departures from normal temperature 
in the free air were largely concentrated in the area encom- 
— by the stations at Boston, Lakehurst, Mitchel 

ield, Scott Field, and Wright Field, where the depar- 
tures for these respective places ranged as follows in the 
free-air levels for which data were available: +3.4° to 
4.6° C., 2.6° to 5.5° C., 4.4° to 6.9° C., 1.4° to 3.8° C., 
and 2.7° to 4.7° C. 

Negative departures from normal free-air temperatures 
during December were generally small in magnitude and 
were mostly confined to the western third of the country 
with extensions in the north-central and south-central 
areas. The negative departures were most pronounced at 
Spokane and San Diego (—0.8° to —3.5° C., and —1.1° 
to —2.3° C., respectively). 

Mean monthly free-air relative humidities during the 
month under review were appreciably below normal in the 
eastern third of the country at all levels except those 
within 0.5 to 2 km of the ground in some cases, where 
above-normal humidities prevailed in a slight degree. 
The region of most marked negative departure from 
normal relative humidity could be identified with the 
region of greatest positive departures from normal of 
temperature referred to above. This condition was most 
pronounced in the levels from about 1.5 to 4 km above 
sea level, where departures as great as —16 to —18 

ercent occurred at Lakehurst, Mitchel Field, and Wright 
ield. (It is possible that these values are somewhat 
greater than they should be, owing to the lack of a full 
month’s observations—19, 18, and 20 observations, respec- 
tively, being actually available—and the absence of data 
rincipally for days with low clouds, precipitation, etc.) 
e layer of marked subnormal humidities occurred at 
somewhat lower elevations in the southwestern portion of 
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the area under consideration than in the northeastern 
portion, as may be noted from the fact that the maximum 
negative departures were observed at 1.5 and 1.0 km at 
Wright Field and Scott Field, respectively, whereas they 
were observed at 4 and 3 km at Boston and Mitchel Field, 
respectively. 

Mean free-air relative humidities for the month were 
above normal by rather slight amounts over the central 
portion of the country; below normal by significant 
amounts in the lowest kilometer over the north-central 
portion (note —6 to —11 percent at Fargo, N. Dak.); 
and practically normal above that layer, as well as prac- 
tically normal in the south-central portion. 


The mean monthly free-air relative humidities in the 
western third of the country generally exceeded the 
normals by moderate amounts. The most pronounced 
positive departures were to be found at San Diego and 
Spokane, where they ranged from +8 to +11 percent 
and +5 to +12 percent, respectively, in the layer 1.5 
to 5 km above sea level. 

The free-air resultant winds based on pilot balloon 
observations made near 5 a. m. (75th meridian time) 
during December are given in table 2. The region near to, 
and also to the east of, the Appalachian Mountain system 
as far as the Atlantic coast, was characterized by free-air 
resultant winds which were generally near normal in 
direction but sub-normal in velocity. The resultant 
winds at Atlanta in the 0.5 and 1 km levels are exceptions 
to this statement as may be seen by comparing the direc- 
tion (azimuth from N.) and velocity (m. p. s.) values for 
the normal (in parentheses) and the month under review, 
respectively: (318°, 2.8) 68°, 3.1 (297°, 4.9) 79°, 1.9. In 
the region in question, negative departures from normal of 
the resultant velocity were quite considerable (>3 m. 
p. s.) in a number of cases within the layer from 1 to 3 km 
above sea level. At Boston and Washington, the depar- 
tures were —5.0 and —6.1 m. p. s., respectively, at the 
2.5 km level where the departures were most extreme. 

At Key West, the resultant winds were near normal in 
direction and only slightly above normal in velocity. 

Except near Sault Ste. Marie with regard to direction 
(so far as available data are concerned), the free-air 
resultant winds in the Great Lakes region were generally 
normal in direction but slightly above normal in velocity. 
This may also be extended to include Fargo, N. Dak. 
At Sault Ste. Marie the relationship which existed between 
the normal (in parentheses) and the month’s resultant 
winds at the surface, 0.5, and 1 km levels, respectively, 
may be seen from the following data therefor: (49°. 0.2), 
157°, 0.9 (273°, 1.5), 230°, 4.0 (292°, 3.1), 235° 6.6. 

In the levels from about 0.5 to 1.5 km above sea level, 
especially in the lower part of this stratum, the monthly 
wind resultants for Oklahoma City, Murfreesboro, Cin- 
cinnati, St. Louis, and Omaha, were appreciably oriented 
from a more southerly component in direction than the 
normal by amounts varying from 0 to 80°. This con- 
dition was most pronounced at the southern stations. 
These stations generally had slight to moderate negative 
departures from normal resultant velocities, except Okla- 
homa City, where moderate positive departures prevailed 
from the surface to 1.5 km above sea level as exemplified 
by the following comparisons: (Normal in parentheses and 
month’s resultant) 0.5 km (244,° 2.0), 190°, 5.5; 1 km 
(272°, 4.9), 231°, 8.4; 1.5 km (281°, 5.8), 249°, 6.6. The 
corresponding data for Houston are of interest: (187°, 
2.1), 95°, 2.5 (244°, 3.5), 291°, 1.2 (267°, 5.0), 302°, 3.3. 
From 2 to 3 km, the resultants for this station were 
normal in direction but slightly below normal in velocity. 
It thus appears that there occurred a greater than normal 
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transport of air up the Mississippi Valley in the lower 
levels, while at upper levels, the customary westerly drift 
was weakened. 

In the plateau region, the resultant directions were 
near normal but the resultant velocities were generally 
above normal by slight amounts except up to about 
2.5 km above sea level at Cheyenne and Billings (627 
and 1,411 meters above ground, respectively), where they 
were below normal by slight amounts. Spokane had re- 
markable positive departures from normal velocity at the 
1.5, 2.5, 3, and 4 km levels as may be seen from the fol- 
lowing data: +3.0, +4.1, +8.4, and +6.9 m. p. s., 
respectively. 

At Medford, Oreg., near the Pacific coast, the monthly 
resultants at the 0.5, 1, 2.5, and 3 km levels were oriented 
from 52° to 126° clockwise with respect to normal. At 
the 1.5 km level the direction was normal, while at the 
2 km level it was oriented about 45° counterclockwise. 
The resultant velocities were slightly below normal. 
Conditions were accordingly such as to produce by these 
changes in direction a greater than normal transport of 
air from off the Pacific Ocean in the Northwestern States. 
At San Diego and Oakland, the resultant winds did not 
in general depart much from the normal directions and 
velocities, except at the 3 km level over the latter place 
where a departure of +3.2 m. p. s. occurred in the velocity. 

The distributions of meteorological elements presented 
by the tabular data discussed above are of course the 
consequences of the passages of divers air masses and their 
interactions. It is therefore of interest to consider the 
“air mass history” of the month and to relate it to the 
observed mean distribution of the precipitation, tempera- 
ture, humidity, etc. For somewhat over half of the 
month under review the trend of meteorological events to 
a considerable degree may be regarded as representing a 
persistence of the trends which were so strongly in evidence 
during the preceding month (see the November summary 
of Aerological Observations). Thus a number of offshoots 
of the well-developed north Pacific HIGH crossed over our 
Pacific coast and brought with them P, air masses which 
contributed in a large measure to the conditions that later 
prevailed to the east. The high pressure systems which 
arose in this way over the middle Pacific coast region pro- 
duced an accentuated transport of moist air from the 
ocean into the Northwestern States (note above discussion 
regarding resultant winds in that region). The frontal 
surfaces of the P, air masses which frequently moved 
down over our northern border afforded a means whereby 
this moist air could be elevated with the consequent pro- 
duction of abnormally high precipitation in northern 
Idaho and Montana (200 percent of normal near Havre— 
see Weekly Weather and Crop Bulletin, January 13, 1937, 
and inset map on chart V of this Review). The P, 
HIGHS, reinforced to some extent by the P, air masses 
just referred to, produced deficient precipitation and sub- 
normal free-air temperatures in other parts of the north- 
west, the middle and the north Pacific coasts, and the 
eastern plateau region. 

In the Pacific Southwest and adjacent plateau region a 
number of tows formed as waves in the southern periph- 
eries of the P, n1cgus and moved eastward, thus causing 
somewhat supernormal precipitation in that area when 
N,, and T, air masses overrode the denser P, air. 

The trajectory of the P, and N,, air masses along the 
eastern plateau region was attended by considerable sub- 
sidence, and superior dry air not infrequently made its 
appearance along the extremes of its southward move- 
ment in western Texas and the Gulf of Mexico. This 
doubtless contributed to the generally deficient precipita- 
tion along the Gulf coast. 
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The moist N,, (and relatively warm P,) air after 
passing over the plateau was frequently brought under 
the influence of the nicus of P, origin which moved down 
over the north-central part of the country, and the 
trajectories of the former air masses were such as to carry 
them around the eastern peripheries of the P, niaus and 
then northward and eastward around and across the pe- 
— of colder P, and P, nicus. The resultant ascent 
of the moist air in somewhat abnormal amount gave rise 
to above-normal precipitation in the Mississippi Valley. 

The considerable southward movements of the P, and 
P, air masses and HIGHS prevented much warm, moist air 
from flowing up the Mississippi Valley, but the N,, and 
Ty air masses reacting upon the southern frontal bound- 
aries of these colder air masses produced waves therein 
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with the consequent development of Lows. These pro- 
gressed eastward and then northward along the periph- 
eries of the HIGHS so that the region near to and es- 
pecially east of the Appalachian Mountain chain received 
an abundant supply of precipitation, particularly along 
the coast. 

The conditions of deficient humidity and precipitation 
as well as of excessive temperatures, noted in the region 
south of the Great Lakes from St. Louis northeastward, 
were presumably connected with the subsidence which 
occurred in the N,, air masses after the climax had been 
passed following the active stage of their role in the 
cyclones that were formed by the interactions thereof 
(and the relatively warmer P, air masses) upon the colder 
P, and P, air masses. 


TaBLeE 1.—Mean free-air temperatures and relative humidities obtained by airplanes during December 1936 
TEMPERATURE (°C.) 


Altitude (meters) m. s. 1. 
Surface 500 1,000 1,500 2,000 2,500 3,000 4,000 5,000 on 
Station 
Depar Depar- Depar- Depar- Depar- Depar Depar- Depar- 
ture ture ture ture ture ture ture ure ture 
Mean | from | Mean! from from trom | trom |Meat! trom | Mean! trom | Mean! trom | trom 
normal normal normal normal normal norma! normal norma! normal 
Barksdale Field (Shreveport), La.! 
Billings, Mont.? (1089 tt. Sere —1.3 | —2.5] —1.3 —5.1 —1L.2] —8.4 —L0O |—14.9 | —1.2 30 
Boston, Mass.! (6 m).-............. 1.0 | +3.0 0.8 | +3.4] —0.4] +3.4] —0.7/ —1.5 | 444] —3.8 | +40] —6.1 | +4.0 |—11.3 | +3.7 |-—16.1 | +46 21 
—2.4 | —0.6 | —1.8 | —0.2 —4.1 40.3] —9.9 | +0.4 |—16.8 | +0.3 $1 
Fargo, N. Dak.? (274 —11.2 | 40.7 | —9.0 | +19) —7.7] 41.0] —7.1 0.0 | —82 | —0.4 |-—10.3 | —0.6 |—12.6 | —0.7 |—18.0 | —0.7 |-24.5 | —0.9 27 
Kelly Field (San Antonio), Tex.! 
206 7.0) —-0.5] 40.8] 10.7] 40.4 8.8 | —0.4 7.2| —0.6 5.9 | —0.2 3.4} —0.7 | —3.5 | —1.4 |—10.8 | 27 
—0.4 | +1.4 0.9 | +2.6 0.5 | +3.9 0.6 | +4.9 | —0.4 | +5.1 | —2.6) +5.3 | —45 | $65.5) —9.9 | 45.2 19 
Maxwell Field (Montgomery), 

GRID) 7.9 | +3.4 9.5 | +3.0 8.8 | +2.7 7.8 | +2.2 6.3 | +1.7 44/414 2.3) +1.4/) —3.0 | —9.1] +13 19 
Mitchel Field (Hempstead, L.I.), 

0.2 | +2.2 1.5 | +4.4 1.0 | +5.3 1.2 | —0.4 | +6.1] —2.0 | +6.6 —3.9 | +6.9 |—10.1 | 46.0 18 
Murfreesboro, Tenn.? (174 29/413 6.3 | +2.9 4.1] +2.5 25 | +2.0 0.4)419] +17) —7.1 | +17 30 
Norfolk, Va.? (10 3.7 | —0.5 4.4) +0.6 3.8] +1.4 2.9/1 +16 16) +15] —0.4] +14] 40.9) 40.7 |-145) +01 
Oklahoma City, Okla.? (391 m)-..- 4.01 +17 4.9) +13 7.2) 6.1) +16 4.41417 23)4+18] -—0.4) +17] +16 31 
Omaha, Nebr.? (300 —3.0 +12] -—0.1] +16 0.5} -41 00} —69) —0.4 |-13.1 | —0.7 |—-19.8 | —LO 31 
Territory of Hawaii? 

Pensacola, Fla.* (13 10.2 | +0.7 11.7 | +1.6 11.3] +16 9.5 | 7.9 | +0.8 | +0.4 40] 40.6] —7.3 28 
San Diego, Calif.* (10 10.0 | —L.7 13.1 0.0 ILO} 85] —1L3 5.9 | —-L6 3.4] —L6 0.7 | —L9 —12.1 —23 30 
Sault Ste. Marie, Mich.? (221 m)__| —5.3 |...-..-- —6.2 |....... —6.0 —17.0 |.....-- —23.7 2 
Scott Field (Belleville), Ml! 

1 1.8} +3.0 3.5 | +3.8 2.41 +3.3 0.9 | —L4] 427] —3.2) +22/-14.9/ +14 20 
Selfridge Field (Mount Clemens), 

Spokane, Wash.? (596 0.8 | +0.1] —0.3] —O.8 —3.0 —6.1] —3.0] —3.5 |—15.4 | —3.4 —25 31 
Washington, D. C.3 (13 1.2) —0.2 28) 17} +13 14/421 11} 428] 425) 413 /-14.6/ +09 24 
Wright Field (Dayton), Ohio! 

420] -—0.4] +28 0.9 | +3.9 11/447] —0.6] +43] —29/+3.9 | —5.3 | +3.5 |—10.6 | +2.8 |—16.4 | +27 20 

RELATIVE HUMIDITY (PERCENT) 

67 60 +3 59 +4 61 +5 64 +5 63 +5 63 | 
74 +3 71 +2 69 $2 59 -3 48 45 46 41; —10 42 
63 61 +1 55 +1 54 0 52 +1 51 $8 
77 69 64 61 54 -3 52 51 0 48 45 
Kelly Field (San Antonio), Tex... 88 +1 67 -1 56 -—2 52 0 52 +4 42 ad | 37 ad | 35 +1 32 | es 
74 64 -7 59 —10 45 -17 39 —18 42 —14 36 —16 36 
Maxwell Field (Montgomery), Ala. 78 0 64 0 60 +3 47 +1 40 +1 37 +1 33 -1 29 -3 25 ~ % Sanam 
Mitchel Field (Hempstead, L. I.), 

78 0 71 -2 66 55 -8 45| —12 38} —16 33 | —17 

Murfreesboro, Tenn..............- 90 +6 75 +1 58 -8 56 —2 51 0 50 +1 48 +3 
77 +6 63 +1 51 —6 46 —5 41 —4 38 -5 36 —5 
Oklahoma City, Okla............. 85 +4 79 +4 62 +1 58 +3 49 +1 43 —1 40 -1 
91 +6 82 +3 69 +3 58 +4 53 +4 50 50 +5 
+3 80 +6 66 +2 59 +) 52 +1 48 0 41 —4 
79 +6 65 +4 59 54 +8 49 +8 45 +9 43) +11 
Scott Field (Belleville), 80 63 47| —13 45 -y 44 —5 46 -1 46 +2 
Selfridge Field (Mount Clemens), 

85 86 0 80 +5 79 | +10 78 | +11 77 | +12 

74 +2 56 54 -—6 50 43 42 —6 37 
Wright Field (Dayton), Ohio_.._.- &3 +1 75 -3 58 —11 42 —16 38 —13 37 —190 34 —10 


Observations taken about 4:00 a. m., 75th meridian time, except along the Pacific coast and Hawaii where they are taken at dawn. 
1 Weather Bureau. 


1 Army. 


Navy. 


Norg.—The departures are based on normals covering the following total number of observations made during the same month in previous years, including the current month 


(years of record are given in 


ntheses following the number of observations): Billings, 92 (3); Boston, 104 (5); Cheyenne, 93 (3); Fargo, 88 (3); Kelly Field, 77 (3); Lakehurst, 71 (3); 


Maxwell Field, 70 (3); Mitchel Field, 70 (3); Murfreesboro, 82 (3); Norfolk, 115 (7); Oklahoma City, 87 (3); Omaha, 177 (6); Pensacola, 173 (9); San Diego, 189 (8); Scott Field, 57 (3); 


Seattle, 40 (7); Spokane, 85 (3); Washington, 188 (12); Wright Field, 65 (3). 
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Tae 1.—Mean free-air temperatures and relative humidities obtained by airplanes during December 1936—Continued 
LATE REPORT FOR NOVEMBER 1936 
TEMPERATURE (° C.) 


Altitude (meters) m. s. 1. 
Surface 500 1,000 1,500 2,000 2,500 3,000 4,000 5,000 
Station 
- Depar- Depar- Depar- Depar- Depar- ~~ Depar- ~~4 of ob- 
ture ture ture ture ture ture ure ture ure | serva- 
Mean from Mean from Mean from Mean from Mean from Mean from Mean from Mean from Mean from | tions 
normal normal normal normal normal normal normal normal normal 
Pear! Harbor, Territory'of Hawaii? 
_.--| 21.9] —-22] 207] 168] 141] -08/ 122) +08 9.9 | +0.8 3.0 0.0 | —5.4} —3.4 30 
RELATIVE HUMIDITY (PERCENT) 
Pearl Harbor, Territory of Hawaii- 80 | +5 75 0 80 | +1 76 | +1 | 60 | —5 | 39} —12 29 | —12 21 —10 | ll | —16 | napew se 
LATE REPORT FOR OCTOBER 1936 
TEMPERATURE (°C.) 
Covo Bolo, O. | 20.7 |....--- 18.4 |....... 16.1 | | 6.6 |....... 30 
RELATIVE HUMIDITY (PERCENT) 


Observations taken about 4:00 a. m., 75th meridian time, except along the Pacific coast and Hawaii where they are taken at dawn. 


3 Navy. 
Norte.—The departures are based on normals covering the following total number of observations made during the same month in previous years, including the current month 
(years of record are given in parenthesis following the number of observations): Pear] Harbor, 144 (8). 


TABLE 2.—Free-air resultant winds (meters per second) based on pilot-balloon observations made near 6 a. m.(E. S. T.) during December 1936 
[Wind from N=360°, E=90°, etc.] 


——. Atlanta, || Billings, |} Boston, || Cheyenne, || Chicago, Cincin- Detroit, Fargo, Houston, || Key West, |} Medford, || Murfrees- 
Mex. Ga. Mont. Mass Wyo. ; nati, Ohio Mich. N. Dak. Tex. Fla. Oreg. boro, Tenn- 
(1,554 m) || (909m) |} (1,088 m) |) (15 m) (1,873 m) || (192m) (153 m) (204 m) (274 m) (21 m) (11 m) (410 m) (180 m) 
Altitude (m) 
mas sled slel slel slel slel Fle 
2 siz sizisis = 
° ° ° ° ° ° ° ° ° 
Surface.........- 327 | 1.4 || 347] 1.7 |] 259 | 3.6 || 306 | 2.5 || 263) 3.3 |] 236] 1.7 13 | 0.4 || 235| 270] 14 42} 178] 04 
ORE TS 246} 4.8 || 231|4.0|| 248] 270) 3.9|] 89/51]) 198/05]] 25 
300 | 7.1 ||.....|----.- 258 | 8.4 || 2441 6.5 || 252] 7.3 || 273| 5.5 || 107/42] 235/1.9]] 195] 3.0 
280 | 1.4 || 256 | 7.9 || 311 | 7.4 260 |11.8 || 255 | 6.5 || 262| 10.8 || 125/24|| 228)3.6]|| 244] 28 
271 | 28 || 305 | 3.3 || 275 | &7 || 303 | 9.4 || 261 | 6.2 || 265 || 5.8 || 279] 10.7 || 282] 10.5 || 200) 155/04 || 266/2.8]] 278) 3.2 
289 | 4.8 || 301 | 5.3 || 282 | 9.4 || 207 | 7.1 || 277 | 12.0 || 273 |12.8 || 260 | 4.9 || 281 | 11.8 |] 285 | 120 288) 6.0 || 240] 1.2 316) 3.3 |) 280) 44 
278 | 7.4 || 202 | 6.5 || 284 |10.8 289 | 13.1 || 280 |11.5 || 258] 4.4 || 14.0 233 | 6.8 || 263/3.0|/ 23|7.9]| 5.1 
Newark, || Oakland, Omaha, || Perl Har-|| Pensa. || st. Louis, || Salt Lake || San Diego, || S$ult Ste || seattle, || Spokane, || Washing- 
J. it. |) Nebe.” |) DOF Terri: cola, Fia.|| ‘Mo. ||City, Utah || Calif. || Wash. Wash,” || ton, D.C. 
(14 m) (8 m) (402 my || 06m) (24m) (170m) |} (1,204 m) (15 m) (198 m) (14 m) (603 m) (10 m) 
> Altitude (m) 
tals ilalsials alelalel ale 
° ° ° ° ° ° ° 
Surface.......... 318 | 2.1 68 | 1.4 185} 1.9 77 | 0.2 29/4.0]] 180/05 157] 3.31} 27] 0.7 157|}0.9 179] 1.7]| 221] 343] 16 
3091 4.7 26] 1.1 || 5.5 || 225| 23 79} 5.2|| 233] 4.0 52} 190] 20 329} 3.5 
TS ES 289 | 9.4 354 12.4 231 | 8.4 iil, Se wee 169 | 1.4 242 | 6.6 — Sa lll 0.4 235 | 6.6 175 | 2.3 195 | 4.6 298 4.0 
283 |10.0 || 332 | 1.5 |} 249 | 6.6 || 266 | 6.1 360 | 0.6 || 261 | 7.3 || 170| 43 || 325] 0.7 196 | 5.8 || 9.1 304] 7.8 
289 |10.9 || 339 | 1.1 || 266 | 5.6 || 274| 8.2 238 | 1.7 || 267| 192] 5.5 || 24 5.9 || 258/88 || 207] 8&8 
ter 301 {12.0 || 299 | 3.9 || 246 | 5.8 || 2731 9.3 258 | 1.4 |] 265 | 7.9 230) 208) 3.1 240 |11.8 201} 7.6 
292 | 9.6 || 319 | 6&9 || 271 | 7.2 || 275 | 9.3 313 271/84 |] 265| 301) 4.6 239 |15.8 || 202] 9.5 
4,000 Dew Bed 261186 || 291 | 7.2 || 270; 9.3 || 314] 6.4 261 |14.2 
1 Navy stations. 
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[Aerological Division, D. M. in charge] 


By L. P. Harrison 


Table 1 presents the mean free-air temperatures and 
relative humidities obtained by airplanes during the year 
1936. Departures from normal are given for five stations 
where the length of record is 4 or more years (see footnote 
to table). 

The data are too meagre to warrant much discussion. 
In comparing the values for the various stations, it is 
necessary to keep in mind that only 99 airplane observa- 
tions were made at Seattle, Wash., during the year, so 
that the means for that place have much less weight than 
the means for the remaining stations. It is of interest to 
construct isothermal and isohygrometric charts for the 
standard levels. The apparent anomalous coldness of 
the free air over San Antonio (Kelly Field), Tex., with 
respect to surrounding places is noteworthy. Similarly, 
attention should be directed to the relative dryness of 
the free air over Montgomery (Maxwell Field), Ala. 

A general statement regarding the aerological activities 
of the Weather Bureau during 1936 follows: At the end 
of the year the Weather Bureau had 12 regular airplane 
weather observation stations in continental United States 
where flights were made by private operators under con- 
tract. Flights were made by the War Department at 
— stations in cooperation with the Weather Bureau, 
while flights were made by the Navy Department at nine 
stations. During August and September 1936 the Weather 
Bureau established new airplane stations at Miami, 
Fla., Oakland, Calif., Salt Lake City, Utah, and Sault 
Ste. Marie, Mich. On September 15, 1936, the Weather 
Bureau established a special airplane weather observation 
station at Fairbanks, Alaska, to operate until March 15, 
1937, with funds provided in a special grant authorized 
under the Bankhead-Jones Act, for the investigation of 
the structure of Polar Continental air and the develop- 
ment of cold waves in North America. The Navy De- 
partment began making regular airplane observations at 


Coco Solo, Canal Zone, and St. Thomas Island, Virgin 
Islands, during the latter part of the year. 

The total number of pilot balloon stations maintained 
by the Weather Bureau during the year was 77, where 
= ee were made daily over the country as a 
whole. 

During the International Month of November, the 
Weather Bureau released 37 sounding balloons at Omaha, 
Nebr. Thus far 28 of the meteorographs so released (76 
percent) have been returned. 

During the last half of that month at the same place, 
11 radiometeorographs with sounding balloon meteoro- 
graphs attached were also released. Thus far nine of 
these have been found. The radiometeorographs were 
of the type designed by L. F. Curtiss and A. V. Astin, of 
the National Bureau of Standards, in cooperation with 
the Weather Bureau. 

In addition, six sounding balloons with meteorographs 
and attached devices for capturing air samples at great 
heights were released for F. A. Paneth, of the Imperial 
College of Science and Technology, London. Five of 
these have already been returned. 

The Aeronautical Engineering Department of the 
Institute of Technology at the University of Minnesota 
under the direction of John D. Akerman released a small 
number of sounding-balloon meteorographs for the 
Weather Bureau near Minneapolis, Minn., during the 
latter part of November and early December. 

A number of experimental radiometeorograph soundings 
were made at Washington, D. C., during the course of 
the year by L. F. Curtiss, of the National Bureau of 
Standards, in cooperation with the Weather Bureau. 
Progress is still being made in the development of a 
radiometeorograph which can be susseaally used for 
daily ascents. 


TABLE 1.— Mean free-air temperatures and relative humidities obtained by airplanes during year 1936 
TEMPERATURE (°C.) 


Altitude (meters) m. s. 1. 
Surface 500 1,000 1,500 2,000 2,500 3,000 4,000 5,000 —_ 
ure ure ure re ure re ure ure re . 
Mean from Mean from Mean from Mean from Mean from Mean from Mean froma Mean rom Mean from J a- 
normal ‘normal normal normal normal normal normal) “0S 
Barksdale Field (Shreveport), La.! 

Kelly Field (San Antonio), Tex.! 

axwell Field (Montgomery), 

Mitchel Field (Hempstead, L. I.), 

12.7} —1.1 13.2} —0.1 10.9 | —0.4 8.7) -—0.4 6.5 | —0.3 41) -0.4 1.6} —0.5| —41/ |-100/ —LO 228 
Omaha, Nebr.? (300 6.8 | —0.6 84); -0.2 —0.4 6.2) 3.5) 06) 362 
Territory of Hawaii * 

Pensacola, Fla.’ (13 m)..........-..- 16.8 | —0.8! 17.414031 15414031 1311402! 10.8! +402 6.0 | +0.3 0414031 +03 345 
1 Army. 2 Weather Bureau. + Navy. 
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TasLe 1.—Mean free-air temperatures and relative humidities obtained by airplanes during year 1936—Continfed 
TEMPERATURE (°C.) 

Altitude (meters) m. s. 1. 
Surface 500 1,000 1,500 2,000 2,500 3,000 4,000 5,000 i 
Stations ber 
ture ture ure ure ture ure ure ture ure 
Mean from Mean from Mean from Mean from Mean from Mean from Mean from Mean from Mean from ut 
normal normal normal normal normal normal normal normal normal ns 
San Diego, Calif.4 (10 14.8} 152/401) 161/405] 149) +06) 123] -—01 9.6 | —0.2 6.6 | —0.4 0.6 | —0.2| —6.0| —0.2 357 
Scott Field (Belleville), Ill.) (135 
Seattle, Wash.? (10 9.7; —1.3 7.6 | 6.0] —12 3.7 | —1.2 —1.0; —11/ —3.5/| —9.6 | —14 |—16.8 | —2.2 99 
Selfridce Field (Mount Clemens), 
Washington, D. (13 9.6 | —L9 10.5 | —0.3 8.6 | —0.4 6.6 | —0.4 4.6 | —0.4 2.4) —0.4 00; —5.2| —0.7 |—-10.6 | 
Wright Field (Dayton), Ohio! 


Barksdale Field (Shreveport), La | 56 
Kelly Field (San Antonio), Tex...- 62 
Maxwell Field (Montgomery), Ala. 7 
Mitchel Field (Hempstead, L. L.), 

80 +5 65 61 -1 59 
ee 74 —5 66 —6 58 —2 54 
86 +4 74 0 69 0 64 
&4 +9 76 +5 56 +3 44 
79 +2 76 +2 71 +1 69 
Selfridge Field (Mount Clemens), 

Washington, D. C......-....-- = 79 +6 58 —6 57 —4 56 


0| 56 0} 49 47) 43] 48) $6 
-i} 82 652) 51 0} +1} 
+1} +4] 37] +4] 36] +5] +6] 34 
+3} +3] +4] 87] +5) 54) 46) 82) 
65] 51] -3| 48] —2 


Observations taken about 4:00 a. m., 75th Meridian time except along the Pacific coast and Hawaii where they are taken at dawn, 
1 Army. 2? Weather Bureau. 3 Navy. 


,Note.—The departures are based on normals covering the following total number of observations made during the same month in previous years, including the current month: 
Tho departures are based on normals covering the following total number of observations made during previous years, including the current year. The figures in parentheses indicate 
the number of years of record. (When the number of years of record varies for the different months of the year, the various numbers pertinent thereto are all given): Norfolk, 1701 
(6, 7, 8); Omaha, 1907 (5, 6); Pensacola, 2212 (8, 9); San Diego, 2201 (8); Seattle, 693 (4, 6, 7). 


RIVERS AND FLOODS 


[River and Flood Division, W. J. Moxom, temporarily in charge] 


By SWENSON 


There was abundant precipitation during the month of 
December. The amounts were near normal to consider- 
ably above normal, rather generally, east of the Great 
Plains and also over a large area of the far Southwest; 
falls were scanty over most of the Northwest and the 
Rio Grande Valley. 

Over the Atlantic slope drainage, where the precipita- 
tion was generally quite heavy, the rivers from southern 
Virginia to Florida were near or above flood stage at 
some time or other during the month. The most severe 
flooding occurred in the Neuse and Cape Fear Rivers in 
North Carolina and in the Santee and Savannah Rivers 
in South Carolina and Georgia. These rivers were in 
flood a good part of the month, however, no appreciable 
amount of damage was incurred. 


Some flooding occurred in the Sulphur River in Texas 
during the first half of the month and again at the close. 

The lower Ohio River and tributaries began to rise 
during the closing days of the month from the gradual 
accumulation of precipitation. The Wabash River sys- 
tem reached flood stage in the West Fork of the White 
on the 3lst and in the Wabash proper on January Ist 
and 2d. The Tennessee and Cumberland Rivers showed 
rises with the Tennessee going just slightly above flood 
stage at Decatur, Ala., on the 27tb. 

At St. Louis, Mo., on the Mississippi River, a low stage 
of 3.2 feet below zero was recorded on the 17th which is 
the lowest free-water stage of record for the month of 
December at that station. 


| | | | | | | 
RELATIVE HUMIDITY (PERCENT) 
| | | ! ! 
ty 
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Table of flood siages during December 1936 
[All dates in December unless otherwise specified] 


Above flood 
Flood stages—dates Crest 
River and station stage 
From—| To— | Stage; Date 
ATLANTIC SLOPE DRAINAGE 
Feet Feet 
10 9 11.1 q 
13 17 21 13.7 20 
Neuse: 
14 ll 13 15.9 12 
13 12 20] 18.4 14 
13 12 26} 20.9 19 
14 16 28; 17.9 22 
Cape Fear: Lock No.2, Elizabethtown, N. C- 20 ll 21 | 27.0 13 
Peedee: 
Mars Bluff Bridge, 8. C......-....---.- 17 18 24} 18.6 21 
18 24 25} 18.0 24-25 
6 20 20 6.5 20 
6 13. 5 
antee: 
14 12.8 ll 
12 17 2 | 13.5 
31 (‘) 12.2 31 
4 7 12.4 6,7 
12 4 12.5 13 
. 28 | 13.0 | 21-23, 26 
18 277 20.5 23 


1 Continued into January. 
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Table of flood stages during December 1936—Continued 
Above flood 
stages—dates Crest 
Flood 
River and station stage aaa 
From—| To— | Stage| Date 
EAST GULF OF MEXICO DRAINAGE 
Feet Feet 
Apalachicola: Blountstown, Fla_............ 15 22 27| 17.4 24 
MISSISSIPPI SYSTEM 
Ohio Basin 

West Fork of White: Anderson, Ind__.__-_--. § 31 () 8.7 31 
Wabash: La Fayette, 11 31 | Jan. 3} 15.2 | Jan. 1,2 
18 7 20.4 7 
French Broad: Asheville, N. 6 31 | Jan. 1 76.2 31 
Tennessee: 

Hales Bar Lock, Tenn. (Upper gage) ---- 44 8 9} 44.1 ~ 

20 24 28 20.8 27 

Arkansas Basin 

21 28 23} 21.6 28 
Petit Jean: Danville, Ark. 20 { 
Sulph 

phur: 

22 12 16 | 24.0 14 


? Estimated. 


WEATHER ON THE ATLANTIC AND PACIFIC OCEANS 


[The Marine Division, I. R. TANNEHILL in charge} 


NORTH ATLANTIC OCEAN, DECEMBER 1936 
By H. C. Hunter 


Atmospheric pressure.—Pressure averaged lower than 
normal over the north-central and the far northeastern 
portions of the North Atlantic. The pressure around 
southern Greenland was, in general, low from the 14th 
onward, while over the Iceland-British Isles region it was 
low from the 11th to the 20th. Pressure averaged slightly 
lower than normal in the area of the Greater Antilles and 
southern Florida. Elsewhere over the Atlantic high pres- 
sure was the rule, notably in the vicinity of the Maritime 
Provinces and Newfoundland. From Nova Scotia to 
Bermuda abnormally high pressure prevailed from the 19th 
to the end of December. 


TABLE 1.—Averages, departures, and extremes of atmospheric pres- 
sure (sea level) at selected stations for the North Atlantic Ocean and 
its shores, December 1936 


Station — Highest} Date | Lowest! Date 
Inches Inch Inches Inches 
Julianehaab, Greenland 29.39 | --0.09 | 30.28 28.70 19 
Reykjavik, Iceland _- 29. 36 —.11 | 30.28 6) B.3 20 
Lerwick, Shetland Islands.--.--- 29. 53 —.19 | 30.33 26 | 28.32 14 
30. 01 +. 07 30. 68 23, 24 28. 70 14 
30. 30 +.19 | 30.56 6 | 30.00 li 
30. 16 +.07 | 30.45 31 | 29.94 4, 26 
30. 26 +.12 | 30.56 8,12} 29.88 17 
Belle Isle, Newfoundland_-.-_-__.- 29. 96 +.22 | 30.88 10} 29.30 18 
Halifax, Nova Scotia. 30. 23 +.28 | 30.88 9} 29.52 21 
30. 22 +.17-| 30.71 8 | 29.46 20 
30. 21 +.08 | 30.66 23 | 29.63 17 
Bermuda-_-_--__- 30. 20 +.08 | 30.48 31 29. 92 14, 18 
Turks Island 30. 01 —.02 30.08 5 | 29.92 12 
Key West._-.. 30. 07 —.01 | 30.26 23 | 29.91 2 
New Orleans-- 30. 15 +.02 | 30.47 23 | 29.79 2 


Note.—All data based on a. m. observations only, with departures compiled from best 
available normals related to time of observation, except Hatteras, Key West, Nantucket, 
and New Orleans, which are 24-hour corrected means. 


The extremes of pressure noted in the vessel reports at 
hand are! 30.86 and 28.44 inches. The higher reading 
was taken about 300 miles east of Cape Race on the 
American liner Black Gull, during the forenoon of the 10th; 
the lower was recorded on the American steamer Scan- 
states, at noon on the 19th, when near latitude 58° N., 
longitude 21° W. Readings slightly outside these limits 
were taken at certain of the shore stations whose figures 
appear in table 1, while a pressure of 28.11 is reported to 
have occurred at Thorshavn, Faroe Islands, on the 14th. 

Cyclones and gales.—Fewer intense gales have been re- 
ported than for the average December, and the first 10 
and final 10 days were less stormy, considering the whole 
North Atlantic, than the intervening period. Stormy con- 
ditions were, however, noted near the American coast from 
the 2d to 4th when a Low that was centered in the Gulf of 
Mexico, near Tampa, during the forenoon of the Ist, with 
little strength, moved northeastward near the coast line 
reaching Newfoundland on the 4th with much increased 
energy. Some vessels met fresh to whole gales in connec- 
7 with this storm, particularly on the 3d. (See chart 

X.) 

Almost all the gales of force greater than 9 were noted 
during the period from the 12th to 21st, and most of these 
were met to eastward of midocean. Stormy weather was 
persistent at this time near, and far to northward and 
westward of, the British Isles. Two vessels on oe 14th 
encountered ‘hurricane winds, the American 8S. S. City of 
Joliet when about 500 miles west-southwest of Valencia, 
Ireland, and the Belgian S. S. Katanga about 300 miles 
south-southeast of Valencia. 

In waters near the American coast there were some re- 
ports of whole gales and many of fresh to strong gales 


1 The international radio exchange ( Rugby bulletin) of Dec. 8 contains an observation 
from a -~ (name not given) in 44.5° N., 18.2° W. 
pressure of 1, 


., at 0600 g. m. t. of that date, with a 
046 millibars (30.89 inches). 


~ 
| 
| | | 
| 
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during the 16th to 19th in connection with a Low, which 
had displayed little strength on the 14th, when near Cuba, 
but intensified as it advanced northeastward, crossing 
Newfoundland on the 18th. 

A moderately strong disturbance noted from the 4th to 
11th in mid-Atlantic, near and to northward of the Tropic 
of Cancer, is described on p. 428. 

A norther of force 8 was experienced to southward of 
the center of the GuJf of Mexico, by the British motor- 
ship San Alvaro, during the 14th, while on the 25th and 
26th intensified trades were noted by the British motor- 
ship Greystoke Castle, then about 700 miles northeast of 
Puerto Rico. 

Fog.—There was less fog than during November 1936 
over practically all areas to east and north of Cape Cod, 


including the waters adjacent to Europe; but from Cape 
Cod southwestward to Texas, chiefly in the vicinity of the 
coast, there was an increase over November. 

From near the coast of southeastern Texas to the north- 
ern Jimit of the middle Atlantic coast the amount of fog 
during the month was in excess of the average for Decem- 
ber; the 5°-square, 35° to 40° N., 70° to 75° W., with 10 
days of record, led all other North Atlantic Ocean squares 
in fog frequency. The period from the 10th to the 18th 
was especially foggy in this area. 

The waters adjacent to New England, the Maritime 
Provinces, and Newfoundland, also the northeastern part 
of the ocean, are indicated to have had somewhat less fog 
than usual for December. 


OCEAN GALES AND STORMS, DECEMBER 1936 


Position at time of Direc- | Direction | Direc- 
Voyage lowest barometer |,@#le | Time of | Gale | Low-| tion of | and force | tion of | Direction 
began! lowest jended| est wind of wind wind | and high-| _ Shifts of wind 
Vessel De- | barom- | De- | ba- ; gh- | near time of low- 
cem- | etcr De- | com- | rom- | When | attimeof | when | est force | “o.+ haromete 
From To— Latitude| Wngi- | ‘ber | cember | ber | eter | ,S2!¢ | lowestba- | gale | of wind ee 
tude began rometer ended 
NORTH ATLANTIC 
OCEAN 
Burgerdijk, Du. 8. 8....| Rotterdam--..- Halifax._......- 50 43 N.| 23 20 W. 4 | 29.80 | SSW__.| SSW, WNW.| WNW, SSW-WNW. 
Exminster, Am. 8. 8....| Bome........... New York....- 36 25N.| 6637 W. its 3 | 29.90 | SSE....| SW, WSW,9.| SW-W. 
om Trader, Am. | Halifax.......-- 4218N.| 59 42 W. 01. 3 | 20.59 | ESE..-/ S, 10....-... SE-SW. 
. 8. 
Tennessee, Dan. 8. New York.-..-- 20 N. 711 W. 3 | lip, 3-.--- 4 | 28.76 SSW-WNW. 
Myrtlebank, Br. M. 8...| 4618 W. 7 | 29.66 S-NW-N. 
N 59 N.| 33 58 W. @, 6..... 6 | 29.41 
Charles L. D., Fr. M. 8.| Buenos Aires...} St. John, N. B..| 27 20N.} 51 30 W. 6 | Mdt, 7_-- 10 | 29.50 
San Blas, Pan. 8. Santa Marta..-| 11 36 N.| 75 00 W. 6 10 | 29.71 
Antinous, Am. 8. 8_.....| Corner Brook..| 49 50 N.| 35 30 W. i 13 | 29.49 
Leerdam, Du. 8. Philadelphia...| 49 17N.| 21 31 W. 12 | 4p, 13._.- 13 | 29.06 
City of Joliet, Am. 8. 8..| Bremen. 48 12N.| 24 55 W. 13 | 4a, 14 | 29.27 
Pres. Harding, Am. 8. 8.| Southampton..| New York----- 51 0ON.{| 12 20 W. 13 14 | 28. 52 
Katanga, Belg. S_-_--- Banane........| 47 02.N. 6 44 W. 13 | 2p, 14...- 14 | 29. 23 
San Alvaro, Br. M. New York.-.-- 323 57 N.| 87 56 W. 14 | 4p, 14 | 29.91 
Oakman, Am. 8. 8._-.... Bremen........ New Orleans__.| 52 20 N. 3 00 E. 13 | 8p, 14...- 15 | 29.30 
Antinous, Am. 8. 8....-. Rotterdam..... Corner Brook..| 49 00 N.| 41 00 W. 14 | 8p, 14.-.. 15 | 29.10 
Veendam, Du. 8. New 48 59 N.| 36 11 W. 14 | Mdt, 15 | 29.05 
Pres. Harding, Am. 8.8..| Southampton..| New York. 49 41 21 29 W. 15 | 9a, 15...-- 16 | 28.99 V 
Black Tern, Am. 8.8_...| Antwerp....... 49 05 N.| 1209 W. 15 | 6p, 15...-- 16 | 29.38 | WSW-_.| SW, WNW-_| SW, 10__.| SW-W. 
of Hamburg, Am. | Norfolk........ 42 50N.| 48 21 W. 16 17 | 202.75 | WNW.| WNW, NW-...| NW, 10_-.| None. 
Topa Topa, Am. 8. Tampa........- Manchester....} 48 30 N.| 31 00 W. 16 18 | 28.54 | Wisi W, 10_-... 
Veendam, Du. 8. New York.-..-. 50 20N.| 20 52 W. 16 | 10p, 16___. SSW, 11....| SW SSW, 11..| SSW-SW 
Scanstates, Am. 8. 8....| Copenhagen_--- 58 38 N. 8 34 W. 17 | Noon, 17. 18 | 28.54 | W...... Ww-S-SW 
el. 
Yselhaven, Du. 8. 8_.... Bremen._-...... 39 O1N.| 63 34 W. 16 | 2a, 18_.... 19 | 20.40 | SE__.-- WSW, 8....| NNW .| 8, 10...... WSW-NNW. 
Tampa, Am. 8. 8........ Gibraltar.......| New York..... 39 25N.| 6713 W. ee NNW, 
Pres. Harding, Am. Southampton... d 45 45N.]| 4218 W. 18 | 6p, 18 | 23.99 | SW....| SSW, 10....| W-..... SSW, 10..| SSW-W. 
Champlain, Fr. 8. 8..... 49 53 N.| 31 42 W. 18 20 | 28.80 | W...... SSW, 10....] NW-..-.| S, S-WSwW. 
Bremen, Ger. 8. 8._..... New York..... 47 27N.| 3011 W. 18 | 10a, SSW, 11....| SW....| SSW, 11.. 
Scanstates, Am. 8__..| Copenhagen.... 57 40 N.| 2102 W. 19 | Noon, 19. 20 | 28.44 | SSE....| SW, SW, 11...| SSE-SW. 
Rotterdam, Du. 8. 8....| Rotterdam___-_- 50 28N.| 3101 W. 18 | Noon, 19. 20 | 28.88 | WSW_.| SSW, 10....| WNW._| W, 11.-..- SSW-NW. 
Hamburg, Am. | 48 47N.| 24 50 W. 18 | Ip, 19....- 20 | 29.55 | SW_...| SSW, 10....| SSW_..| SSW, 11__| None. 
Europa, Ger. 8. 48 02N.| 2222 W. 19 8p, 19 | 29.62 | SSW_..| SSW, SSW, 10._| None. 
R. G. Stewart, Am.8.8.| Port Arthur__.- 140 34N.| 7400 W. 19 20 | 29.68 | E_.-... SSW, _ SE-SSW. 
Gassouin, Fr. | New York .... 49 24N./| 1506 W. 19 | 1la, 20_... 20 | SW_...| SSW, SSW, 10.. 
Fluor Spar, Am. 8. 8_...| Savannah...... Liv 39 29.N.|} 62 15 W. 20 | 2a, 21..... 21 |29.60 | SSE....| SW,9_.-... NW....| SSE, 10..| SW-NW. 
rancqui, Belg. | New York..... 46 30N.| 42 10 W. 2 24 | 29.48 | 8-W. 
Castle, Br. | 25 55N.| 58 10 W. 25 | 10a, 26 | 20.84 | NE....| NE,7....-.. NE....| NE, 8....| E-NNE-NE. 
Scanmail, Am. 8. Copenhagen_...| Portland, Me..| 5000 N.| 46 40 W. 20 | 2p, 20..... 30 | 28.94 | W_..... NW....| NW,9_...| SW-NW. 
Jean Jadot, Belg. 8. 8...| New York.....| 50 34.N.| 31 58 W. 29 | Mdt, 29_- 31 | 28.96 | SW....| NNW .| SW, 10...| SW-NW. 
NORTH PACIFIC 
OCEAN 
Roseville, Nor. M. 8.-.. Vensouvet, Singapore...... 46 30 N.| 178 12E 129 |! Mdt, WSswW, 9. 
Corneville, Nor. M. 8...| Hong Kong-....| Los Angeles..._| 36 00 N. | 154 54 E 31 tip, 3.... 4] 20.61 | SSW_..| SSW, 9._..| SSW_..|; SSW,9...| SSW-WSW. 
Athelcrown, Br. M. 8....| Nagasaki. 37 28N.| 1538 BE 3 4 | 29.58 | ENE.-| NE, NE....| NE, 8.... 
Michigan, Am. 8. Masbate, P. I_.| San Francisco..| 43 32 N. | 152 50 W. SW, 10...| 8-SW. 
Steel Age, Am. 8. Kahului, T. H.| 18 47 N. | 125 18 W. 41 9 | 20.86 | NE, 8...- 
Empress of Russia, Br. | Yokohama--.-- Victoria, B. C..| 48 46 N.| 178 53 E. 8 | 2a, 8....- 7 | 28.99) WSW-..| WSW, 8...| SW....| WSW, 9.| ESE-WSW. 
Athelcrown, Br. M. S...| Negasaki...._.. Los Angeles.._.| 39 51 N. | 177 26 E. 8 | 8p, 8..... 9 | 20.18 | , SE-SW-WSW. 
Olympia, Am. 8. Legaspi, P. I...}-..-- 34 24.N.| 154 36 E. Si @,6..... 8 | 29.98; WNW. WNW, 8...| WNW.| WNW,10 
Hoyo Maru, Jap. M. S__| Yokohama..-... 234 55 N.| 165 23 E. Si RG i W....- ere WNW.| WNW,9.| W-WNW. 
Heian Maru, Jap. M.S.| Yokohama_-.-- Vancouver... 48 43 N.| 176 27 E. S..... 8 | 28.70 | WSW-_.| SW, 9..-... WNW.) SW, SW-WNW. 
Golden Star, Am. 8. San Francisco..| 42 59 N. | 167 48 E. 9 | 22.06 WNW.) E, WNW, ESE-NE-WSW. 
Silvermaple, Br. M. S...| 47 18 N.| 154 24 W. S | 9 | 20.55 | SW....| SW, WSW..| SW, SW-WSW. 
Olympia, Am. 8. Legaspi, P. I_..| Los Angeles.._..| 36 48 N. | 161 24 E. 9 | 1llp, 19 | 20.94 | WNW.| W, 
Golden Star, Am. 8. 8...| Yokohama--.-_.. San Francisco..| 43 17 N. | 177 30 W. 10 | 4p, 10...- 10 | 29.58 | WNW. sw, | SE NNW. NW, 10..| SW-NW. 
Hoyo Maru, Jap. M.S8..| Estero.........| 135 06 N.| 147 08 E. 12 12 | 29.78 | SSE....| SW, 8...... SW....| 8,9....../ S-NW. 
McKinley, Am. | San Francisco._| 46 20 N. | 149 47 W. 13 oon, 14. NW....| W, 10....| WSW-WNW. 
1 November. 
4 Position approximate. 
3 Barometer uncorrected. 
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OCEAN GALES AND STORMS, DECEMBER, 1936—Continued 


Position at time of Direction | Direc- 
Voyage lowest barometer | Cale tion of | and force | tion of | Direction) grits of wind 
Vessel _ m- | De | ba | Wind | of wind | wind | and high-| wear time of low- 
cem- | eter De- | cem- | rom- est barometer 
e wes e of win 
From To— Latitude —_ ber cember ber | eter began rometer ended 
NORTH PACIFIC 
OCEAN—Continued 
Cones Maru, Jap. | Honolulu.....- San Francisco..| 29 30 N. | 145 36 W. 14 | 2p, 14...- 15 | 30.03 | NNE..| NNE, 8 NNE..| NNE, 8 
Mayflower, Am, M.8...| F is hi n g | San Diego.....- 13 51N.| 9115 W.| 14| 6a, 14..... 15 | 29.89 | NW....| N, 2....... N,9 
groun 
Henderson, U. 8. N...-- 11 54N.| 90 18 W. 15 | 6p, 15 | 29.90 | NE ENE, 2 ENE-NE. 
H. M. Storey, Am. 8. Los Angeles....| 13 28 N.| 9103 W. 15 oon, 14. 15 | 20.79 | N...... 
Golden Star, Am. 8. San Francisco..| 42 45 N.| 147 50 W. 15 16 | 20.96 | W-....- None. 
Olympia, Am. 8. 8......| Legaspi, P. I...| Los Angeles....| 41 30 N. | 148 47 W. 19 | Noon, 19 21 | 29.61 | SSW. sw, as sw. sw, 11...) 8-W. 
Texas, Am. 8. 8......... Yokohama. San Francisco_.| 34 19 N. | 139 58 E. 21 | Noon, 21 NE, 9...... NE.. NE, 
Heiyo Maru, Jap. M. | Honolulu. 23 06 N. | 161 21 W. 24 | 7p, 24.. 25 | 30.14 | ENE..| ENE,7 ENE ENE, 8.. 
San Francisco..| 40 24 N.| 130 44 W. 25 29.51 | WNW.) NNW, 6 NW, 9...| None. 
Maru, Jap. | Tokuyama-.... Los Angeles...) 35 59 N. | 155 07 E. 26 | 4p, 27_. 29 | 29.06 Wwsw,8 NW....| SSE, 10..| SE-S-W. 
Golden Sun, Am, 8. 8...| Yokohama....- San Francisco..|740 22 N. | 165 33 E. 27 | 8a, 28..... 28 | 28.96 | SSE....| SW, 8...... NW....| 8, 10.....| 8-SW. 
om of Japan, Br. | Honolulu..-.-.-.- Victoria, B. C_.| 42 43 N.| 134 59 W. 27 | 8a, 28..... 28 | 30.14 | N.....- N, 7.. ae NNW, 9. 
Montreal Maru, Jap. | Yokohama.-.-... Los Angeles....| 45 53 N. | 174 10 W. 27 | la, 29..... 29 | 20.27 | SE...-- SSE, 10 WSW..| SE, 10....| SSE-SW. 
Texas, Am. 8. S8.........|..... Ot San Francisco..| 45 42 N.| 170 10 E. 28 | 6p, 28... 29 | 28.83 | ESE...| SSE, 10 WNW.| SSE, 10..| SE-SW. 
Hoyo Maru, Jap. M. 8--|..-... _ Los Angeles 40 55 N. | 178 50 E. 28 oon, 29. 29 | 29.08 | SSE i See W....| 8, 10.....| B-WNW. 
San Francisco..| 46 20 N. | 179 00 W. 30 | 8p, 29. 30 | 29.75 | SSE 
Golden Sun, Am. 8. 8_../..... 42 00 N. | 176 40 E. 30 | 6p, 30 8, 9......| None. 
Heiyo Maru, Jap. M. 8-..| 21 12N. | 153 18 W. 30 31 | 20.92 | ENE ENE, 6 ENE..| ENE, 
2 Position approximate. 


NORTH PACIFIC OCEAN, DECEMBER 1936 
By E. Hurp 


Atmospheric pressure-—During December 1936, owing 
to the prevailing movement of cyclones in higher latitudes 
of the North Pacific, the average center of the Aleutian 
Low lay over the Bering Sea, with the lowest recorded 
average pressure, 29.49 inches, at St. Paul. The lowest 
single barometer reading of the month was 28.44, reported 
by the British steamship Empress of Russia on the 21st, 
near 52° N., 147° W. 

Anticyclonic conditions prevailed for the most part 
between approximately 20° and 40° N., except for a few 
days in east longitudes during which cyclones penetrated 
the high pressure region. Pressure departures along this 
belt were abnormally high, except on waters adjacent to 
the California coast as indicated by the average barometer 
at San Francisco, 30.06, which is 0.06 inch below the 
normal. The highest departure, +0.15, occurred at 
Midway Island. In the Far East the plus departures of 
0.11 inch at Naha and of 0.09 at Chichishima attest to the 
prevalence of anticyclones from China as dominating the 
weather conditions in lower Japanese and eastern Chinese 
waters. 


TABLE 1.—Averages, departures, and extremes of atmospheric pressure 
at sea level, North Pacific Ocean, December 1936, at selected stations 


Depar- 
Average ture 
Stations pressure | from Highest Date Lowest | Date 
normal 
Inches Inch Inches Inches 
Point Barrow. ........... 29. —0. 19 30. 60 2 29. 10 30 
Dutch Harbor...........- 29. 59 +. 03 30. 24 25 28.74 y 
29. 49 —. 00 30. 06 25 28. 74 
29. 58 +. 02 30. 40 29 28. 68 
29. 70 —. 00 30. 34 31 28. 87 16 
Tatoosh Island..........-. 29. 94 —.02 30. 59 10 20. 42 26 
San Francisco. -.........-- 30. 06 —. 06 30. 43 17 29. 56 30 
29. 93 . 00 30. 04 20 29. 86 | 8, 11,30 
30. +. 03 30. 22 15 29. 84 4 
Midway Island__........-. 30. 16 +.15 30. 40 17 29. 88 25 
29. 84 —. 03 29.92 | 7,10,11 29. 56 15 
29. 84 -. 29. 94 11,12 20.74 
30.17 13 29. 97 16 
30. 09 +11 30. 30 15 20. 74 4 
30. 09 +. 09 30. 36 15 29.71 26 
30. 59 15 29. 68 31 


NoTE.—Data based on 1 daily observation only, except those for Juneau, Tatoosh 
Island, San Francisco, and Honolulu, which are based on 2 observations. Departures 
are computed from best available normals 


Storminess and gales.—December was less violently 
stormy in 1936, according to ship reports, than the pre- 
ceding month. In November there were 9 days on which 
gales of force 11 to 12, well scattered as to locality, 
occurred; in December there were only 2, one reported 
by the British Steamship Jrisbank, near 52%° N., 159° W. 
on the 12th; the other by the American Steamship 
Olympia, in 41°31’ N., 148°47’ W., on the 19th. There 
were, in addition, 9 days—the 5th, 8th to 10th, 14th, and 
27th to 30th—with local gales of force 10, occurring prin- 
cipally along the northern routes between longitudes 
155° bE. and 145° W., as itemized in the accompanying 
table of gales. 

Extratropical cyclones.—The majority of the December 
cyclones, as they appear on our North Pacific maps, were 
of purely oceanic nature. That is, they were largely the 
fluctuating disturbances, some of considerable depth, of the 
type peculiar to the Aleutian tow. This month these 
cyclones had their centers mostly in high latitudes and, ex- 
cept on the western part of the ocean, affected the weather 
south of the fortieth parallel to only a minor degree. 

Eastward from Yokohoma fresh to strong gales were 
experienced by ships near the coast on the 12th and 2\st. 
Between 150° and 165° E., 34° and 38° N., gales of force 8 
to 10 were reported on the 3d, 4th, 8th, 9th, and 27th. 
Of these dates, the 8th and 9th were more —s wide- 
spread in storminess than any others of the month as, in 
addition to the more southerly locality of storm occur- 
rence, those dates were also locally stormy to the north- 
ward, northeastward as far as the Aleutian Islands, and 
eastward along the northern routes as far as longitude 
155° W. On the 9th the island stations of St. Paul, 
Dutch Harbor, and Kodiak had their lowest barometer 
readings of the month as noted in table 1. 

During the period 13th-18th storminess abated alo 
the northern routes, although scattered gales were repor 
in middle longitudes on the 14th to 16th. 

On the 19th-2lst disturbed conditions intensified 
between the Gulf of Alaska and the fortieth paraiiel. 
In the southern part of the area on the 19th the Steam- 
ship Olympia, as previously mentioned, encountered a 
gale of storm force, one of the two heaviest gales of the 
month, but with lowest barometer only 29.61. On the 
20th, between 45° and 51° N., 140° and 145° W.., ee 
had fallen to 28.76 inches, with fresh westerly gales 
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occurring. On the 21st with the lowest pressure of the 
month, 28.44 inches, reported by the British Steamship 
Empress of Russia near 52° N., 147° W., the highest 
wind force recorded for the stormy area was 8. The 
cyclone filled rapidly on the following day. 

Stormy weather occurred on California coastal waters 
during the 26th to 28th. Ships reported strong gales on 
the 26th and 27th between 40°-43° N., 130°-135° W. 
Nearer the coast, press reports speak of the heaviest 
storm in years on the 27th along southern California 
during which several small vessels were grounded and 
damaged or sunk, 

The final days of the month witnessed scattered gales 
over northern and western waters with reports of isolated 
winds of force as high as 10 on the 27th to 30th. 

Gales of low latitudes—On December 4 a tropical 
depression moved northward over the Hawaiian Islands. 


During its brief existence to the southward of a strong 
anticyclone, it caused intensification of the trade winds 
northeast of the islands. On the 5th to 8th, midway 
along the route from Honolulu to Balboa strong north- 
east trades, force 7-8, were encountered by the American 
Steamship Steel Age. 

In the Gulf of Tehuantepec norther gales occurred as 
follows: of force 7 on the 23d and 24th; of force 9 on the 
14th and 15th. 

Reports from Manila indicate the existence of a dam- 
aging typhoon over the central Philippines on December 2. 

Fog.—Ships reported fog on 6 days in December—on 
1 day near San Diego, Calif., and on the other days in 
widely separated localities along the upper and middle 
steamship routes. 


CLIMATOLOGICAL TABLES 
CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 


the several headings. 


The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using all trustworthy records available. 

The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 


stations. 
Condensed climatological summary of temperature and precipitation by sections, December 1936 
{For description of tables and charts, see REVIEW, January, p. 29] 
Temperature Precipitation 
Monthly extremes Greatest monthly Least monthly 
Section | s | 
g | 33 g | 
Station a Station 3 Station Station 
| AE ioe] < < 
2, °F In, In. In. In. 
50.3 | +2.8 | Pushmataha. 80 18 | 13 |) 7.10 | +2.15 | 11.55 | 
Arizona 44.9 | +.7 88 31 | 1. 97 6.16 | Yuma Valley -| T 
Arkans 45.5 | +2.8 | 7 13 12 || 5.32 | +1.04 | gi’) 2.14 
California 44.2 | —1.3 | 2stations...........- 82} Bridgeport.......... —19 29 || 5.01 | +1.31 | Squirrel 21.44 | Tule 
Colorado 28.6 | +3.1 | Meeker (near)-.....- 72 17 | Hermit (near) 27 || +.02 Springs | 10.30 | 3 
(near). 
61.7 | +1.9 | 2stations............ 89 6 | Cottage Hill_-....--. 26 |! 20 || 3.01 | +.21 | Garniers (mear)....._| 7.45 | .18 
83 31 | 2 18 | || 6.26 | +1.93 | 12.00 | Fitzgerald............ 2. 80 
23.5 | +2.5 | Lepwali............. 65 19 | Deadwood Dam...-|/—24 31 1.85} —.17 | 9.59 | Indian . 06 
35.1 | +4.6 | 67 —13 7 2.95| +.69 | 4.32 | 1, 52 
35.5 | +3.3 74 30 | 3 stations ........... 0 7112881 +.03 | La Porte..........-.- 4.81 | 1.05 
28.7 | +4.7 | 65 25 | Rock Rapids_......-. —16 7 1.55 | +.36 | 
37.7 | +4.8 | Valley Falls......... 69 ........... 1.16] +.30] 4.05 | Smith . 08 
40.5 | +2.8 | 70 29 | Mammoth Cave....| 10} 13 |) 4.51 | +.55 | Mammoth Cave....| 7. 
53.4 | +1.0 | 13 || 4.92 | —.46 | 2. 36 
Maryland-Delaware .| 37.6 | +1.9 |----- 70 27 | Oakland, —10 | 23 5.51 | +2.19 | Lutherville, .| 3.68 
Michigan 28.7 | +3.0 | 69 30 | 2 stations. ..........|—22 7 || 2.23] +.18 | East 52 
Minnesota. 57 26 | Pokegama —42 7 || 1.46] +.66 | PigeonRiver Bridge 
Mississippi 49.8 | +1.5 80 ...... 20; 13 6.54] +1.19 | 3.72 
Nebraska ........-..- 29.8 | +3.0 | Syracuse...........- 69 25 | Merriman........... —17 6 | =. 08 2.00 | . 02 
32.4 | +1.6 | 7 23 | San Jacinto. -.....-- —10 | 29 || 1.79| +.80 Marlette 7.27 | 26 
New England.......- 29.5 | +3.0 | 2stations.-..-....-. 62 31 oe Lake, |—20 8 || 6.13 | +2.80 | Kingston, R.I_-_..-- 11.59 | Burlington, Vt...._-- 2. 20 
New Jersey. -......-- 37.5 | +3.8 | 67 26 Layton 1 |} 6.29 | +2.64 | Long 8.87 | Little --| 2.73 
New Mexico........- 35.3 | +1.4 | Hagerman 78 9 | Lee Ranch.-......... —24/ 18 .59 —.10 Ranger | 3.97 | . 00 
ation. 
New York__.........| 30.5 | +3.8 | Bedford Hills. 66 | 126 | Stillwater Reservoir.|—31 1 || 3.45 | +.43 | 9.81 | Penn .86 
North Carolina. 44.6 | +2.0 | 3 stations. 75} 111 | Mount Mitchell... 8 | 20 || 6.31 | +2.44 | Swansboro Montreat & 38 
North Dakota. 15.0 | +2.3 59 23 | Willow City. —36 | 30 43 —.07 | Carrington 
35.4 | +3.8 | Portsmouth. 68 1 |} 2.31 —.44 | Peebles. _...... 1.12 
44.1 | +43 | Spavinaw_-._- 73 28 | Goodwell_.......-.- 4 3 1.73 | +.04 | Smithville oh wht 
34.3 | +1.0 | 68 | 23] Austin.............- 3.68] —.21 | Valsetz............. Owyhee Dam_-.....- 03 
Pennsylvania........ 34.5 | +3.2 | Marcus 74 25 | Emporium.........- 1 || 4.19 | +1.07 | Phoenixville 1.19 
South Carolina......- 47.6 | +1.0 | 78 19 | 21 || 5.60 | +1.95 | Caesars Head Charleston. -.......... 2. 99 
South Dakota.......- 22.7 | +1.9 22 | Lemmon............ —27 6 -36 | —.19 | Sioux Falls 
43.8 ' +3.1 ' Madisonville......_. 75 11! 121! 6.44 ' +1.84 Madisonville 2. 85 


1 Other dates also. 
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Condensed climatological summary of temperature and precipitation by sections, December 1986—Continued 


Temperature Precipitation 
oa os 
Monthly extremes Greatest monthly Least monthly 
Section s | = 
a 
3 Station Station | 3s = Station g Station 
& | ak A Sia ll & < 
7, In. In. In. In. 
51.2 | +2.3 | 2 stations............ 87 10 2 1.94| —.34) Bon . 00 
29.2 | +2.7 | St. George........... 66 25 | Duchesne. —16 | 2.08 | +.99/ Silver Lake......... .22 
39.4 | +1.4] 2stations............ 72 | Burkes Garden 2; 23 5.07 | +1.95 Pinmacies........... 7.66 | Mt. 2. 55 
35.5 | +2.9 | 7 stations............ 65 16 | Deer Park (near).....—10 | 29 || 6.39 | +.59] Big 29. 57 | Oroville.............. .10 
West 37.2 | +2.6 | 3 23 || 4.02; +.68/ Terra Alta._........ 6.30 | Wellsburg...........- 2.32 
23.7 | +3.3 | 2 stations_........... 58 30 | Solon —36 | 11 1.84) +.52]| 3.80 | Park Falls........... .40 
24.1 | +2.4 | 64 14 | Nine Mile Creek....|—27 | 31 -71 —.03 | Bechler 4) 
Alaska (November)-.-} 18.7 | +5.0 | 65 12 | Hot Springs......... —50 | 17 || 5.82 | Little Port Walter__| 59.08 | T 
69.3 | 2stations...........- 87 | 111 | Kanalohuluhulu....} 45 | 28 |/17.27 | +7.61 | 60.00 | Pokii Ridge.......... . 03 
Puerto Rico.........- 73.1 | —1.1 | 11 | Guineo Reservoir...| 40 1 || 7.08} —.20} La Mina | 32.63 | Mona 
Yunque). 
1 Other dates also. 
TaBLe 1.—Climatological data for Weather Bureau stations, December 1936 
Pressure ‘Temperature of the air 3 Precipitats Wind 
3 
e ls_is_igx igs |+.|¢ > |S se les 
District and station | ele | 8 & S| £ |= velocity 
Ft. | Ft.| Ft.| In In In. | °F. | °F. (°F. °F) °F. °F) °F.) °F) °F.) % | In. | In. Miles 0-10| In.| In 
New England 32.6) +3.1 78| 6.95) +3.5 6.7 
76| 67| 85) 30.14) 30. 22/+0. 24) 28.6] +2.3] 52) 20) 37) 4) 23] 20) 35) 28} 26) 86) 5.62] +1.9) 16/10,030) nw.| 46) s 20; 6) 19) 7.1) 08) 0.0 
Greenville, Maine. 070 6} 40) 29.01) 30. 48} 28) 20] 2) 10) 37) 20) 4.81/..-... 12} 5, 002) se. 5) 19).. 11. 5} 6.0 
Portland, Maine._.-| 103} 82) 117] 30.11) 30,24) 4.21) 31.0) +3.4] 54) 28] 39) 8) 23) 23) 37) 27) 21 8.00) +4.1} 15] 6,820) n. 45] se. | 20) 12) 7| 12) 54,24) .0 
Burlington. 403} 11} 48] 29.77) 30.23) +. 18} 25.6) +1.2) 53) 28) 35] 8) 17) 41) 23] 20) 80) 2.20) +.3] 11) 8,675) s. 35) s. 16; 4) 9 18) 7. 515.3 .0 
876| 12) 60} 29.26] 30.25) +.20) 23.0) +2.6) 27) 34;—15| 12) 43) 21] 18] 82) 3.57) +1.1) 16) 6,300) s. 32} sw. | 28) 4) 9} 18) 7.4/18.0 
29} 31) 50} 30.20] 30.23) +. 18] 35.0) +2.5) 59] 31) 43) 10) 1] 36] 32) 28) 76) 8.19) +4.7| 16) 8,148) 37) s. 20; 8| 18) 6.8) .7 .0 
Nantucket. .......-. i4} 90) 30.21) 30.22) +.17| 39.8) +4. 0) 31] 46) 17] 23) 34; 23) 37] 34) 82) 7.04) +3.3) 12/12, 163) w. |€3) 7) 3) 21) 7.7) T .0 
Block 26} 11| 46} 30.19) 30.22) +. 16) 39.0) +3.0) 56) 31) 45) 16) 1) 33; 27] 34) 83) 9.42) +5.6) 15)13,771) n. 44) se. 201 8| 6) 6.8) T 
215} 251] 30.06] 30.24] +. 18] 35.6] +4. 0) 61] 31] 44] 10) 1) 28) 34) 32) 28) 75) 9.44) +6.1/ 15) 8,863) 47] se. | 20) 11) 4/ 16, 6.1) T .0 
159} 70} 104] 30.07] 30.26] +. 19] 35.0) +5. 2] 57) 28] 43) 10) 1) 27) 6.88] +2.9) 14) 6,519) n. 28] 7] 11) 15) 6.0) .0 
ew 106} 153] 30.13) 30. 26) +. 19) 36.0] +3. 5] 58) 28) 43) 11) 1) 29) 32] 32) 27) 71) 8.34) +43) 14) 7,620) n. 30} e. 20} 10} 8} 13) 6.1) .7 
Middle Atlantic 
ates 38.9} +3.4 75| 5.04) +17 6.5 
97| 97] 112) 30.15) 30.26) +.18] 32.0) +3. 5) 56] 27) 40) 4) 1) 24) 27) 29) 23) 70) 2.90) +.3) 13) 5,767) s. 29] se. | 20) 6) 17) 6.6) 3.8 .0 
871| 79} 29.29] 30.25) +. 16) 32.4) +4. 2) 60) 26) 41) —6) 1) 24 _..-| 199) 16) 5,091) nw.| 24) w 21; 4) 22) 82) 41 .0 
314| 415) 454] 29.89) 30. 25) +. 16) 39.2) +4. 2) 62) 26) 46) 12) 1] 32) 27] 35) 30) 69) 7.03) +3.4) 13/11, 642) n. 50} se. | 20) 9] 13) 5.9) T .0 
Harrisburg...........| 374] 94] 104) 20.85) 30.27) +. 15) 36.1) +3. 4) 59) 27) 42) 12) 1) 30 22} 32) 27] 71) 6.06) +3.0) 11) 5,462) ne. 24) s. 20; 5} 17) 6.2) 5.2 .0 
114} 174} 367) 30.14) 30.27] +. 16) 39.6] +3.3] 62] 26) 47; 15) 1) 32) 26) 36) 31) 72) 4.83) +1.4) 12) 9,960) n. sw. | 20; 8} 14) 6.3) .3 .0 
323 306} 29.90) 30. 27}...... 38. 6] +6. 4) 65) 27) 46) 13} 1) 32) 27) 34) 29) 71} 4.38) 13) 8,703) n. se. | 19) 9} 6) 16) 6.3) 2.7 .0 
805} 72] 104] 29.36] 30. 26) +. 16] 34.4) +3.7] 60] 26) 42) 5) 1) 27) 27} 31) 25) 70) 2.75) —.3] 10) 5,074) n. sw. | 2) 6] 16) 7.1) 3.4 .0 
Atlantic City........ 52| 37) 172) 30.19) 30.25) +.15/ 41.2) +4.8] 64] 28) 48] 15) 1) 34) 27) 38) 33) 75) 7.65) +3.7| 13/13, 166) nw.| 51) se. 19} 4) 20; 7.3) T 
Sandy 22} 10) 57) 30.22) 30. 39. 2} +4. 0) 60] 28) 45; 18) 1) 33) 23) 36) 32) 7 6.97} +2.9} 13/12,072) sw. 46) s. 31) 6 14) 6.1 .0 
190} 106) 30.05) 30. 37.9} +3. 61] 26] 46) 11) 1) 30) 28) 34) 30) 75) 5.44) +2.1] 13) 7,75Q)n. 29) e. 19} 13} 6) 12) 5.6) .0 
123} 100} 215) 30. 13] 30.27) +. 14) 40.8] +3.6) 64) 27) 48) 15) 1) 34) 28] 36] 30) 71) 7.10) +3.7| 14) 7,545] n. 35) w. | 20) 11) 5) 15) 6.0) 28 .0 
112} 62} 85) 30.14] 30.27) +. 14] 39.8) +3. 2) 65) 27) 47] 14) 1] 32) 30) 35) 30) 73) 5.23] +1.9) 13) 5,346) 21] sw. 20) 11) 5) 15) 6.1) 1.5 .0 
Cape 18 8} 54] 30.21) 30. 45. 6) +1. 9] 70) 27] 52] 29) 24; 39; 32] 42) 30) 84) 5.43) +2.0) 13) 9,750) n. 35) n. 7] 6 1616.5) T .0 
Lynchburg. -.....---- 686) 148) 184] 29.51) 30.28) +. 14] 40.9) +1. 4] 65) 26) 49) 18) 1) 33) 36] 36) 32] 76) 5.35) +2.1/ 17) 4,833) n. 31] nw.| 20) 7) 6) 18) 6.7) LO 
91} 80] 125] 30. 15) 30.25) +. 12) 46.2) +3.1) 71] 27] 53) 27; 1) 30) 32) 42] 30) 82) 4.88) +1.5) 15) 7,390) n. 36} w. | 20; 8) 4) 19169; T .0 
144) 11] 52] 30.11) 30.27) +. 13) 41.4) +1. 6) 70) 27) 49) 18) 1) 34 33) 80] 4.34) +1.0) 16) 6,018) ne. 28] nw.| 20; 9] 6.5) T .0 
Wytheville. ......... 2,304) 49) 55)...... 30. 25} +. 10) 36.7] +1.4] 58} 6) 45) 18) 23) 28) 84) 3.31) 16) 4,483) e. 26) w. 6) 5) 20/....;89) .0 
South Atlantic States 49.4) +2.0 84) 5.24) +18 7.2 
2, 253} 89} 104) 27.82) 30.24) +. 08] 42.4) +4. 6) 60) 26] 51) 22) 13) 34) 33) 38) 34] 78) 4.84) +1.6) 14) 6,425) n. 26) se. | 19) 5) 9 6.9) 6.2 .0 
Charlotte............ 779| 63] 86] 29.38) 30.24) +.08) 45.1) 67] 26) 52) 23) 38} 28) 41) 79) 5.53) +1.7| 16) 5,307) ne. 22| sw. | 20} 8} 3) 7.3) T .0 
886 6} 56) 29.27) 30. 26) 49} 21) 1) 33) 36) 37] 35) 88) 15| 6,026) ne. 23} w. | 20) 8 4) 19] 7.1) .2 .0 
ll 30.21) +. 08) 53.7) +1.6) 70) 27) 57} 39) 21) 47) 86) 10.19) 15)10,914) n. 38) se. 2} 11) 3} .0 
376) 103) 146) 29.82) 30.24) +.09) 45.2) +2.2/ 68) 27) 53] 25) 8| 38) 32] 42) 39) 85) 6.52) +2.9) 14) 6,723) ne. 24) w. 7| 6) 7| 18) T .0 
Wilmington... 72| 73) 107| 30.14] 30.22) +.07| 50.6) +1.5) 72) 27) 59) 34) 1/43) 31] 47) 44) 85) 6.51) 13) 6,450) ne. 30) w. 19} 7) 5) 19) 7.0) .0 
11] 92! 30.14) 30.19) +.04] 52,2) 73) 31] 59) 36) 1) 46) 24) 48) 46) 86) 2.99) +.3) 10) 8,054) n. 27) sw. | 19) 3 8| 7.6) .0 
Columbia, 8. 347| 70} 91] 29.84) 30.23] +.07| 49.4) +2.2) 72) 6] 57) 30) 1) 42) 33) 44) 40) 78) 4.62) +1.6) 14) 5,980) ne. 25| sw. | 19) 6) 7| 18) 7.0) .0} .0 
Greenville, 8. C...../1, 030] 44.7) +2. 5) 64) 18} 52) 24) 8) 38) 5.34) +.5) ..-| 5| 18) & 
Augusta. 182} 77) 30.00] 30.20) +. 04) 50.6) +2.5) 75) 6] 59) 30) 21) 42) 35) 46) 43) 82) 5.82) +2.6) 14) 4,653) ne. 7| 5) 6) 20, 7.5) .0 
Savannah......- 65| 73) 152} 30.12] 30.18} +.03) 53.8] +1.4| 75) 61) 36) 21) 46) 27; 49) 47) 87) 3.34) +.4/ 15) 7,498) ne. 30) nw.| 20; 6) 6) 19) 7.5) . .0 
43| 86| 30.11| 30.16) +.02] 57.2} 79] 6) 65) 37] 21] 49) 29) 53) 90) 1.98) —1.0) 10) 6,360) me. | 21) 1) 6 18) .0 
Florida Peninsula 69.9) +3.4 8&2] 1,99) +0.2 5.3 
22) 10) 64) 30.05) 30.07) —. 01) 73.2) +2.9) 84) 12) 78) 60 21) 68) 1 68} 66) 83) 1.67 9) 7, 183) ne. 24) 15 15, 9 745 .0 
25) 124) 168) 30.06) 30.00) —. 02) 71.6) +3.6) 81) 7) 77 49) 21| 66; 24) 66) 63) 76) 2.08; 10) 7,393) e. 29) ne. | 25) 10) 11) 10} 5.3) .0 .0 
35 197| 30.08) 30.12) .00) 64.8) +3.7/ 83) 31) 73 21) 57; 26) 50) 2.22; +.2) 8) 8,263) ne. 24) e. | 38 8} 11) 12) 6.0; .0} .0 
Titusville....... & 36! 30. 06' 30. 64.0'...... 7! 74! 37) 21! Sa! 10) 


1 Observations taken at airport. 
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TaBLE 1.—Climatological data for Weather Bureau stations, December 1936—Continued 
instruments Pressure Temperature of the air p> | Precipitation Wind | 
=|. gi = 3 = ais 
Ft. | Ft.| Ft.| In In mm. 1 °F. PF. °F | °F % | In. | In. Miles 0-10} In. | In. 
East Gulf States 52,1) +2,1 82} 5.46) +-0.6 6.9 
76) 53) 29.14) 30.19) +. 03) 46.6) +1.9) 66) 6) 54) 29) 13) 39) 27) 42) 39) 82) 7.98) +3.3) 17) 6,604! ne. ne. | 18} 4) 20) 7.5) 0.0) 0.0 
370} 79) 87 78) 30. 19) +. 03) 50.9) 43.4) 76) 6] 31) 2) 42) 33) 46) 42) 79) 4.60) 12) 5,483) ne. 24) ne. 1} 7| 18) 7.2) .0 
Thomasville. ........ 49) 58| 29.86) 30.16] +.01) 55. 78) 29) 64) 33] 20) 47) 31) 50) 48) 85) 4.10) —.2) 8} 5] .0 
Apalachicola........- 11|____| 30.10) 30. 55.8] +. 1] 62] 36) 20) 50} 22) 52) 51) 88} 3.81] —1.3/ 9] 6,922) e. 28} ne. | 6] 5| 206.9) .0 
Pensacola.........---| _ 56] 149} 185, 30.09) 30.15) 55.3) +1.3] 72} 28] 62) 34] 20] 49] 26] 52] 50} 89) 2.48) —2.2] 11] 9,466) ne. | 32) s. | 19] 8} 11/ 12}61) .0} .0 
Birmingham........- 700} 11) 48] 29.39] 30.18) +.02] 49.0) +2.6] 71] 28] 57] 26] 13] 41] 26) 44] 40) 80! 7.78) +2.6] 16) 5,998] e. 30] se. | 6] 9] 4] 1816.5) .0 
57| 86] 105| 30.09) 30.15) 00} 54.2} +2.0} 75] 28) 62} 32] 13) 46] 31) 50] 47) 4.03] —1.0} 10] 7,660] n. | 26) 9| 17} 7.0) 
Montgomery. -....-- 218} 92} 105| 29.93) 30.19) +. 03] 52.0) +2.6] 76] 60} 31] 20) 44) 25) 47] 44] 80) 6.63) +1.8] 15) 5,770] e. sw.| 6] 6| 4] 21) 7.6] .0 
Meridian. 375} 67| 92) 29.76] 30.17) +. 01) 50.4) +2.7| 76] 6] 59} 27) 13] 42} 34) 45) 42) 81) 6.85] +1.6| 14] 4,612) ne. | 22) 30) 6] 7] 18) 6.9) .0 
Vicksburg... ..------- 247} 65) 73) 29.90| 30.17) +. 02) 51.4] +1. 4] 72) 30] 59] 28] 12] 43] 29) 46] 41) 74) 4.15) —1.2) 11) 5,369) mn. | 25] s. | 30} 7] 4] 20) 7.1) .0 
New Orleans.....-..| 53} 76] 30.09) 30.15) +. 02) 56.2} +-.6) 80] 6) 64] 36] 13] 49] 25) 51] 48} 80) 3.86) 5,552/ ne. | nw./ 10} 7] 5] 19) 6.6) .0 
West Gulf States 53.0) +2.5 77; 3.01) 0.0 5.5 
Shreveport .........- 249) 92) 227) 29.88) 30.16} +. 03) 52.0) +2.9! 75) 17) 61) 31) 12 32} 46) 42) 73) 4.43) 8] 7,761) se. 52) nw.| 6) 10) 9) 12) 5.7) .O 
Bentonville.........- 1,303} 12) 38) 28.69) 30.08) —. 05) 43.7) +6. 2) 64] 27} 53] 17) 35) 3.25) +.9} 10) 5,111) s. 24] w. | 30; 9} 7] .o 
Fort Smith.........- 94] 29.64) 30.13) 45.8) +3.7) 70) 27] 54) 24] 7] 38] 28] 41) 36) 72) 3.10) 6,138] e. 27| w. | 30/ 10) 14) 5.9} 
Little Rock.........-. 357} 94) 102! 29.78) 30.17) +-. 03) 46.1) +1.9) 68) 24) 54) 24) 7] 38} 25) 41) 36) 73) 4.90) 11] 5, 264) e. 22) s. 30) 8 6| 17| 6.4 
605; 136) 148) 29. 48) 30. 11).....- 53.3) -+-2.3) 78] 17) 64] 29) 12] 43] 37) 48) 44) 76) 1.88) 5.251] n. 23) n. 18] 12} 8) 11) 5.2) 
Brownsville.........| 88] 30.00} 62.8] +1. 6) 80) 27} 71] 39) 14) 55] 27) 58} 56} 84) 2.41) +.8) 10) 8,065) se. | 30] s. | 17) 9) 12) 10) 5.3) .0) .0 
Corpus Christi...-..| 20} 11] 78) 30.08) 30. 10] —.02| 60.0) +2.0| 78] 5] 67| 39 14] 53} 20) 55] 53) 82! 1.05) 7,844) s. 32) n. | 4) 13] 3] 15) 5.5) .0 
512} 220} 227) 29. 55) 30. 69} 27| 59} 28] 7| 42} 27) 45) 40) 73) 217) 7,836) se. | 33) w. | 30] 15) 5) 11) 5.1) 
Fort Worth.. 670} 92} 29. 39) 30.12} 00) 50.4) +29) 72) 28) 60! 26) 41/ 1.84] 6,983) s. 31} mn. | 18) 16] 5) 10) 4.4) - 
Galveston 54] 106] 114) 30. 07| 30.13; +.01] 56.1] —.3] 72} 5] 61) 38] 12] 51) 23) 53) 51] 88} 3.11; 7,920) e. 34) s. | 10) 12) 9] 10) 5.3) 
Houston..........--- 138} 292} 314) 20.99) 30. 14)..___- 55.8) +1.4] 77] 5| 64) 32) 12] 48) 5.81] +1.6] 10] 9,197] se. | 27) mw.| 30) 7] 10) 146.0] .0 
Palestine. ........... 510} 64] 72) 29.60] 30.14) +. 02] 52.6] +2.7| 75] 17] 62] 27) 7] 43] 35} 48] 44) 78) 3.01) —.7| 5,572) s. 23] se. | 5| 11] 8} 12) 5.5} 
Port Arthur. 34] 58] 66] 30.09) 30. 54. 72| 6] 62) 32] 12] 48) 3.46} —1.8] 8] 8,013] e. 34/s. | 30! 9] 6] 166.1) .0 
San Antonio. 693] 242} 301| 29. 36) 30.09) —. 02) 56.4] +2.7| 77] 17] 65] 34] 12) 48] 28 44) 68) 1.75] +.1) 9} 7,789) e. 30) mn. | 18} 9} 10) 12) 5.3) .0 
Ohio Valley and 
Tennessee 40.0) +3.4 76; 3.81; +0.3 6.4 
Chattanooga.........| 762) 71) 214) 29.37) 30. 20|+0. 04) 47.2) +3.9)/ 69) 29) 55) 29) 13) 40) 28) 42) 36) 71) 7.00) +1.9) 17! 5,696) ne 24; w. | 19) 5) 11) 15) 6.7 .0 
995} 66) 84) 29.13) 30.21) +.05) 44.9) +4.6) 68) 30) 53) 23) 13) 37) 26) 40) 36) 76) 6.21) +1.7) 13) 4, 188) e 19} w. | 19} 8] 7| 16; 6.6) .6) 
399; 78) 86) 29.74) 30.17) +.02) 46.2) +2.6) 68) 30) 54) 23) 7| 39) 28) 41) 36) 73) 6.84) +2.3) 11) 5,199) e ain. |; 6 9 7 15) 
= 188} 29.62) 30.21) +. 06) 43.8] +2.8] 68] 29) 52) 24) 12) 35; 30) 39) 35) 76) 4.72) 12) 6,308) se 38} s. | 30) 8 ‘| 19, 6.8) .O 
525| 234) 29.63) 30.23) +.09) 39.6) +2.0] 66) 30) 16) 7] 32) 26; 36; 32) 76; 2.77; —1.0} 12) 6,814) s. 34) se. | 30) 10) 9) 12) 5.7) 1.6) 
Evansville..........- 76) 116) 29.72) 30.21) +.08) 40.1} +3. 0} 65] 30) 15] 7] 33] 30] 36) 31] 72) 2.10) —1.4! 11) 6,212/ s. 32} s. | 30) 11} 5) 15} 5.8] .0 
Indianapolis. 822| 194) 230) 29.29) 30.20) +. 08) 35.8) +3.6] 61) 30) 44; 9) 7] 28) 34) 32] 27) 72) 3.20) +.2) 11) 8,313) s. 33] s. 30} 9} 7) 15} 6.3) 3.8) .0 
Terre 575| 63] 29. 55) 30. 36. 6|.....-| 63] 30] 44; 9] 7| 29] 35) 34] 30) 79) 3.44] +.5/ 10) 7,212) s. 37) sw. | 30} 9} 8/14) 5.9) 56) .0 
627} 11) 51) 29.52) 30.23) +. 10) 37.7} +4.3) 62) 30) 46) 16) 30) 26) 33) 30) 78) 2.60; —.4) 11) 5,646) s. se. | 30} 10} 3) 18) 6.5} 1.2) .0 
822} 90} 210) 29. 32} 30.22) +.10) 37.0] +4. 6] 62} 30) 44) 17] 7] 30} 22) 33) 28) 74) 1.79] 9) 6,911] s. 31} sw. | 20) 9) 6) 166.3) 3.8) .0 
58] 153} 29. 26] 30.22) 36.7} +4. 1) 62] 30] 44) 16) 7) 30) 11) 6,415) sw. | 29) sw.| 27| 9) 15) 6.3) 23) .0 
1,947; 59) 78) 28.14) 30.28) +. 16) 36.9) +4.2) 61) 27) 48} 10) 23) 26; 38) 32} 29) 81) 4.01) 16) 4,508) se. 35; sw. | 20) 5) 19, 7.4) 2.6) .0 
Parkersburg. 637| 77| 84) 29.59) 30.27) +. 13) 38.7] +3. 5) 66] 27] 48) 17] 13) 30) 31) 34] 31) 82) 3.30) +.3] 11) 4,347] se. 21; nw.| 6; 8} 9 i4| 6.4; 1.2) .0 
Pittsburgh 1,273) 39) 54) 28.82) 30.22) +.11) 35.8) +1.6) 61) 27) 43) 1 1} 28) 27] 32) 27) 76; 3.39) +.5) 11) 8, 183) s. 31; w. | 20; 8] 18) 7.2) 93) .0 
Lower Lake Region 33.0) +-3.6 76; 2.12) —0.6 7.1 
768] 243} 280) 29.34] 30.20) +. 14] 33.8} +4.0) 58] 31] 40} 6} 1) 28} 22] 31) 28) 79) 1.74) —1.6] 10/12, 535) s. 50| sw. | 21] 6] 9} 16) 7.1) 6.2) .0 
Canton. 10} 61| 29.70) 30. 25.0} +2. 3] 58] 31) 36/—15} 1] 14] 37] 23] 21] 86] 2.05} 13] 7,396] sw.| 35) sw.| 20] 9} 4/ 18] 6.9] 10.3) .0 
Ithaca. 836] 100} 29.29) 30.22}... 32.4) +3.4] 59] 27] 40} 29) 29 75| 2.18} 13] 8,313] se. | 37) se. | 19] 3] 5] 23] 8.0} 7.1) .0 
Oswego._....--- 335] 71) 88) 29.83) 30.21) +. 15] 31.4] +2.4] 59] 27) 30) 0} 1) 24) 31) 29 72} 2.48} —1.0} 9] 8,489] se. | 33) nw.| 20) 3) 7) 21] 7.9] 15.6] .0 
523} 86] 102| 29. 62 2 +. 16] 34.2} +-4.9] 62] 27| 41) 11] 1) 28) 23) 30 71{ 2.93} +.2) 13] 6,924) sw.| 31] sw. | 20) 5} 18] 7.5) 12.2) .0 
596; 65) 79) 29. 57) 30.24) +.17) 33.2) +-4. 2) 62) 27) 41 1,89) —1.2} 15) 6,175) s. s 6; 21) 7.6) 10.8) .0 
714] 130} 166] 29. 40} 30. 20) +. 13) 35.4] 4-3. 5} 62} 27) 42; 1) 29) 24) 32) 27) 73) 1.19) —1.6) 10)10, 755) s. 46) se 19] 8 6] 17) 6.9) 3.2) 
Cleveland. .....---.- 762| 318} 29.35) 30.20) +. 11] 36.4] +5.2/ 64) 27] 43] 11] 1] 30) 25) 33) 28) 72) 1.64) —.8| 11/12, 567| s. 44| w. | 20) 5] 18] 7.1) 43] .0 
Sandusky..........-- 629| 5} +67} 29. 50} 30.20) +. 11] 35.2} +4.0) 63] 30) 42) 13} 7] 28) 1.74) —.5 7,495} sw. | 27| w. | 20) 7] 6] 6.7) 24] 
79] 87| 29. 50| 30.21] +. 13] 33.6] +3.2] 60] 30) 40) 10} 7} 27| 26) 31) 27| 76) 2.82) +.5| 11) 7,397) sw.| 27) w. | 31] 11] 4) 16) 6.3) 50} 
Fort Wayne. 857) 69) 84] 29.24) 30. 20)...._- 33. 2) +-3. 5) 60) 30} 40; 8] 7| 26; 29) 30) 27) 80) 2.68) +.1) 11) 6,619) s. 30} s 30; 9} 17; 6.4) 28) .0 
626; 78) 29.48) 30.19) +.12) 32.2) +2.9) 58) 30) 39) 8} 25) 29 26; +78) 2.04; —.3) 11) 8,117) sw.| 32) sw. | 31) 7| 6) 18} 6.9) 1.6) .0 
Upper Lake Region 27.9) +3.5 82; 2,31) +0,3 7.4 
609} 13) 89) 29.44) 30.12) +.10) 29.1] +-4.3) 53) 30) 35) 6) 7 26| 27; 24; 81) 1.67) 13) 8,854) s 34) se. | 30} 4) 5) 22) 7.7) 7.0) .0 
Escanaba...........- 612} 54) 60) 29.41) 30.10) +.07) 24.7) +2.3) 46) 27) 7] 18; 37] 24) 20; 82) 2.31) 14] 7,232) s 30) 20) 6) 4} 21) 7.6) 17.3) T 
Grand Rapids. 707| 70} 244) 29.36} 30.16] +. 11] 32.4] +3.9] 60] 30] 39} 8] 7] 26] 29) 30) 26) 79) 3.72] +1.2| 12) 9,278] sw.| 48} sw.| 30) 7) 5) 19] 7.0) 6.5) .0 
878} 90} 29.19) 30. 16]_.___- 29.8] +2. 6] 58] 30] 37] 6] 7| 22} 29) 28) 26) 86) 1.99} —.1/ 11) 7,547) sw.| 29) s. | 30] 6] 17) 6.9] 5.5) .0 
637| 54) 29.41) 30. 31.0] +2.6] 59] 30] 37} 7] 25] 30) 3.11] +.6) 10) 4] 17/....] 7.3] .0 
734| 77) 111} 29. 23) 30.06) +-.04) 26.2) +3.6) 51) 30) 32) —5) 7] 20) 25) 25) 22) 85) 1.15) —1.5) 12} 8,404 45) sw. | 31) 3) 6) 22); 8.2) 53) T 
Sault Sainte 614) 11) 52) 29.40} 30.12) +.12) 24.4) +3.9) 45) 30) 31; 2) 7] 18) 28) 23) 21) 85) 3.40) +1.1) 16) 6,988) se 31; nw | 27} 1| 2) 28) 9.1) 19.9) 5.4 
Chicago.......--- _.--| 673] 131) 29.42] 30.17] +. 09) 34.0} +5.2/ 60] 30) 41} 1) 7} 27| 36] 31] 27) 77) 258] 8,373] sw.| 35] sw.| 30] 11) 16) 6.0, .8| .0 
Green Bay-.......---- 617| 109} 141] 29.40} 30.09] +.05] 26.4) +4. 1] 55} 30) 34/—13} 7] 18} 41] 25) 21) 80) 1.03] —.7| 10) 8,435) sw.| 35] sw.| 31) 7| 4/ 20) 7.5] 4.1] .0 
681; 97} 221) 29.37| 30.13) +.07| 31.1) +-5.0) 30) 38] 7] 24) 39) 29) 24) 75) 2.14) 7)10,458) w 41; sw. | 30; 8 5 186.5 3.5) .0 
1,133} 47) 28.76) 30.03) —.02) 17.1) +-1.2) 39) 23) 7| 9} 35) 17) 14) 87| 2.29) +1.1) 17) 9,687) w 39} w. | 30} 5) 4) 22) 7.6) 14.9) 2.9 
North Dakota 14.6) +2.2 82} 0.43) —0.2 6.2 
Morehead, Minn....| 940} 50) 58) 29.01/ 30.08) .00) 14.2) +2.7| 42) 19) 23;—18) 6) 5) 32) 14) 12) 88) .77 -0} 11) 6,906) s. 35} nw.| 19; 4! 8! 19) 7.4) 11.9) 2.7 
1,674; 8] 57) 28.20) 30.07! 16.7) +2.0) 54) 23) 6) 8] 27; 15) 11) 78 21; —.4! 6) 6,509) nw.| 35) nw.| 19) 11) 7) 13, 5.9) 3.8) .9 
Devils Lake. ..--.-...- 1,478} 11) 44) 28.40) 30.06; .00) 12.4) +2.9) 48) 23) 21/—24; 6) 4) 28) 11) 9 8&6 29; 6,878) nw.| 38) nw./ 19 9 8 14 6.2) 3.7) 1.0 
Grand Forks_-..---- 43| 22} 21|—23| 3) 31] .30)-..... | mw.| 43) nw.| 19} 7) 8) 16/....| 3.0) 1.0 
1,878| 42| 27.98) 30.05, —. 01} 15.0} +1.2| 49| 22; 25|-26| 6} 5| 35) 13) 9| .45, —.1) 4) 6,006, sw.| 37; nw.| 19) 15, 7,53 


! Observations taken at airport. 
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TaBLeE 1.—Climatological data for Weather Bureau stations, December 1936—Continued 
instruments Pressure Temperature of the air | Precipitation Wind 4 
|» |» lox x ig > Es é 
a le Ais JA [ele islela = 1a 
Ft. | Ft.| Ft.| In In. | In. | °F. | °F. °F. °F.) °F.|°F. |°F.| %| Mm. | In. Miles 0-10| In. | In 
North Pacific Coast 
Region 44,0) +15 87| 6.60) —0,7 8.6 
North 211} 11) 56) 29.78} 30.02;—.01) 44.2) +. 1) 52) 20) 48} 31) 31) 41) 12] 44) 43) 94) 9.22) 24/10, 636) s. s. 6} 2] 10) 19) 7.8} 0.0) 0.0 
125} 90} 321) 20.84) 29.98)—.03) 44.0) +2.3) 58) 19) 48} 31) 31) 40) 15) 42) 39) 83) 5.41) —.2) 21] 8, 284! se. 42) sw.| 6) 3) 4] 24] 84 .O 
Tatoosh Island - ..-- 86) 10) 20.84) 29.94)—.02) 45.0) +1.1) 53) 18) 48} 33) 31) 42) 10) 43) 40) —2.3) 28/11, 951) e. 59} s. 21; 3) 7| 21) 7.7 
1,329} 29) 58) 28.68) 30. 13)..__. 37. 1)------| 55) 22] 42) 15) 1) 32) 35) 36) 34) 91) 2.48) —.6) mw. -.| OF 5) 2) 9.1) 28) .0 
Portland, Oreg_.....- 68| 106) 29.88) 30.04;—.03) 43.8) +2.6) 58) 18 27; 1) 40) 15) 42) 40) 87) 8.28) +1.6) 23) 5,029) se. 21) s. 22; O} .5) .0 
Roseburg. 510} 45) 76) 29. 53) 30.09|—.02) 43.0) +1. 2) 63) 22 28; 3) 36) 24) 41) 39) 84) 3.16) —2.2) 17) 2,715) sw.| 17| sw. | 22) 5) 26; 8.9) .0 
Middle Pacific Coast 
Region 47.8, —0,2 72| 3.78} —0,9 6.3 
62| 73) 89) 30.03) 30.10|—.02| 47.4) —.8 | 62) 1) 54) 33) 28) 41) 23) 45) 43) 84) 3.97) —2.3) 13) 4, 534) se. 24) se. | 26) 8 21) 7.4 .0 
Redding !............] 722] 20} 47.0] -+.9| 70) 12) 56) 30) 29) 38] 30) 39) 29) 57) 561 9 5,083) 23) n. 9} 10; 5) 16) 6.2) 16.6] T 
92) 115) 30.01) 45.2) —1.0) 64) 8) 53) 31) 4) 37) 31} 42) 36) 72) 2.62) —.4 9) 4,372) se. 33) se. | 26) 10; 8} 13) 5.6 .0 
San Francisco. - 155) 112) 132) 29.89) 30.06/—.06) 51.6] +.3) 67) 10) 57) 40) 31] 46) 18) 43) 77) 2.94) —1.0 8, 3,995) n. 26) sw. | 26) 8} 9) 14) 6.1 -O} .0 
South Pacific Coast 
Region 54,2) +1, 2 68) 4,73) +-2,8 5.6 
327) 97) 105) 29.74) 45.8) —. 4) 64 11) 54) 30; 9] 38) 29) 43) 39 3.11) +1.7 9| 3,729) e. 17| se. | 30) 11) 3) 17) 6.3 .0 
Los Angeles. 338) 159) 191) 29.67) 30.04/—. 03) 58.6) +2.0) 79) 22) 67) 39) 30} 50} 28) 49) 40) 58) 6.63) +4.0) 4,715) ne. 22| se. | 27) 15) 6) 10) 4.5 .0 
87; 62) 70) 29.94) 30.03|—.04) 58.1) +2.1] 78) 19) 66) 45) 5) 50) 26) 51) 44] 67) 4.45) +2.6) 11) 4,764) 29) se. | 27) 12) 5) 14) 59 .0 
West Indies 
San Juan, P. R__.--- 82; 9) 54) 29.88) 75.8) —.5 | 85) 17) 80} 68} 27) 71) 9.87) +44 20) 7, 669) e. 34) ne. | 27; 7) 19) 5 5.1 .0 
Panama Canal 
Balboa Heights. 118; 6} 92)..... 329. 83 +. 01 79.6; 90) 88} 69) 15) 72 280} 1.84) —2.4) 12) 4,277) 20) n. = 1} 2) 1) 5.7 .0 
36) 6) 229.85/+4-.01) 80.9) +1.0) 88) 5) 86) 73) 13) 76) 12) 75) 73) 278) 3.53) —7.4| 22) 8,078) n. 27| ne. | 10) 14, 15} 2) 4.1) .0 
Alaska 
Fairbanks. 454; 11) 87! 29. 29. 89). .... 34) 31|—6|—45} 86) 11 879) w. 27| sw. | 28) 9) 8 6.1) 18.2/27.7 
80} 96) 116/329. 61)? 29. 27. 8|......| 44) 9) 31) 10) 5) 24) 15) 26) 21] 74) 9. 25) 6,701) s. 25) e. 3) 5 5) 21) 7.8) 43.2) 95 
Hawaiian Islands 
38} 86) 100)330. 00/330. 04)_____ 72. 4|......| 7| 76) 62) 29) 69) 12) 65) 61) 68) 3.16) —.8} 24) 9, 769) 37| ne. | 10} 5 18} 8 61) . .0 
1 Observations taken at airport. 
2 Observations taken bihourly. 
3 Pressure not reduced to 24-hour mean. 
TABLE 2.—Data furnished by the Canadian Meteorological Service, December 1936 
Pressure Temperature of the air Precipitation 
Altitude 
mean tation eve) 
Station sea level || reduced u Mean | Mean Total 
Jan. 1, || tomean | tomean| jure maxi- mini- | Highest | Lowest || Total 
1919 of 24 of 24 mum mum ——, |e 
hours hours normal min.+2 | normal normal 
Father Point, Quebec. 20 30. 1 1.5 
296 29. 8: 3. 
ROE 236 3. 


Toronto, Ontario 
White River, Ontario 


London, Ontario 
Southampton, Ontario. 
Parry Sound, Ontario 
Winnipeg, Manitoba. 


Moose Jaw, 


Swift Current, Saskatchewan. 


760 29. 16 30. 04 +. 02 9.7 +5.6 17.5 1.9 40 26 —.16 7.5 
: Qu’A lle, Saskatchewan_........._... 2, 115 27. 60 29. 96 —.04 8.6 +1.2 17.3 —.2 41 —35 1.07 +. 55 10.5 
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TaBLE 2.—Data furnished by the Canadian Meteorological Service, December 1936—Continued 


Pressure Temperature of the air Precipitation 
Altitude 
= Station | Sea level 
mean tation vi 
sea level u reduced | Depar- Depar- | Mean | Mean 
an. 1, || tomean | tomean| maxi- mini- | Highest | Lowest || Total 
1919 of 24 of 24 mum mum rom | snowfall 
hours hours normal min.+2 | normal normal 
In. In. 
Medicine Hat, Alberta +. 67 12.2 
Calgary, Alberta- 26 3.3 
St. Georges, Bermuda. .................- +1.90 .0 
LATE REPORTS FOR NOVEMBER 1936 
Sy ney, Cape Breton Island ---..-......- 48 29. 82 29. 87 —0. 08 37.7 +0.6 44.5 30.9 60 14 6.00 +0. 56 2.5 
29. 65 29. 76 —.25 38.5 +1.2 4.7 32.3 60 7 4.46 2.6 
Yarmouth, Nova Scotia...............-- 65 29. 81 29. 88 —.14 39.6 —-.3 46.2 32.9 58 12 3. 21 —1.28 6.5 
Charlottetown, Price Edward Island -_-. 38 29. 81 29. 85 -.11 34.6 -.9 41.3 27.9 60 5 4. 65 +. 68 9.1 
Father Point, Quebec. .................- 20 29. 86 29. 89 —.07 23.9 —5.0 31.0 16.9 60 4 2. 24 —. 87 18.8 
I a EP 296 29. 56 29. 90 —.12 25. 6 —3.4 31.2 20.0 62 -3 4.93 1.17 33.9 
236 29. 72 30. 00 —.02 27.6 —4.1 35.0 20. 2 65 1. 67 —.87 5.5 
White River, Ontario. .................. 1, 244 28. 63 30. 00 +.02 13.0 —7.5 24.4 17 41 —38 2. 36 +. 51 19.3 
Parry Sound, Onterio..................- 688 29. 28 29. 99 —.02 28.1 —4.0 36. 2 20.0 61 —ll 3.51 —. 86 21.6 
Winnipeg, Manitoba__-__................ 760 29. 24 30. 11 +.07 21.0 +3.0 30.2 11.8 56 -7 1.09 +. 01 9.1 
Minnedosa, 1, 690 28. 24 \ 30. 13 +. 09 22.4 +5.1 31.7 13.2 55 -7 —.77 2.3 
REE 4, 521 25. 53 30. 26 +.30 29.0 +3.2 39.7 18.4 59 —17 . 24 —2.03 1.5 
Battleford, 1, 592 28. 36 30.17 +.15 27.4 +1L1 36.6 18.1 58 —13 —. 54 


TABLE 3.—Severe local storms, December 1936 
[Compiled by Mary O. Souder from reports submitted by Weather Bureau officials) 


[The table herewith contains such data as have been received eee severe local storms that occurred during the month. A revised list of tornadoes will appear in the United 
States Meteorological Yearbook] 


Width of | Loss| Value of 
Place Date Time path, of pace Character of storm Remarks 
yards life troyed 
Cabana, Ice formed on branches, wires, and the northeast side of trees, poles, and 
p. m. aaa. No glaze on streets and sidewalks. Several persons injured by 
ing. 
7.5 inches of snow fell. No details. 
Holland, Mich., 1 vicinity , After spending the night on a grounded steamer, 25 men were rescued by 
Coast Guardsmen. 
Kalispell, Mont., and vicinity__ Strong winds attended by falling temperatures and blowing snow. 
House demolished when a tree blew over. 

Rain and snow....| Freezing rain and snow made streets and highways perilous. Wires were 

covered with sleet. Some roads were blocked until the 7th. 

Iowa, northern portion. ......-- From 5 to 6 inches of snow recorded; roads slippery. Transportation 

services delayed; several persons inj ; 

AL $50,000 | Tornadic winds_._| 5 persons injured; property damaged. 

it. 8,000 | Tornado... _....-- 4 persons injured; property damaged. 

© 50, 000 Damage confined to 6 blocks in the business section; 4 persons injured. 

2,000 |____- This small tornado caused damage to barns, outbuildings, and power lines. 

— and Spring 6 | 4p. 3,000 |____. 6 persons injured; property damaged; path 10 miles long. 

ree 

Chilton County, Ala., southern 6 | 6:30 p. m__- | 15, 000 |_.... eee 10 persons injured; property damaged; path 4 miles long. 
portion. 

Olney, Mount Olive, Crum- | Cee 100-400 1 30, 000 |._... a eae This tornado struck Olney at 12:30 p. m., Mount Olive at 2 p. m., and 
ley’s Chapel, Docena, and bones Chapel and Hoagtown about 3:45 p. m.; 28 persons injured; 
Hoagtown, Ala. Property damaged over a path 30 miles long. 

Depth of 17.5 inches recorded causing much difficulty and delay to trans- 

rtation. 

Rain and ice.......| After 3 days of almost incessant rainfall, the Pautuxet River overflowed its 

banks in many places in the valley, bringing death to 2 pedestrians and 
injury to several persons and danger from rising waters and hazardous 
highway conditions throughout the State. Rain froze shortly before mid- 
night of the 12th on the highways in the northern portion of the State. 
In the early morning of the 13th rain froze as it fell causing icy conditions 
on the State highways. 

extreme western Thick dust........ This storm severe along the North Dakota border. 
counties. 

Geraldine, Mont., vicinity Wind and dust....| Small damage to roofs and chimneys; an implement shed demolished. 

The wind, accompanied by intense dust clouds, reduced visibility to zero. 
blown down, and roofs damaged. 

Streets and sidewalks dangerously slippery during the afternoon and early 

evening resulting in severa] motor accidents. 

Sonoma County, Calif., central tne A person injured. Large water tank overturned; considerable damage to 
portion. orchard and shade trees. 
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3.—Severe local storms, December 19386—Continued 
Width of | Loss| Value of 
Place Date Time path, of pron, Character of storm Remarks 
yards life troyed 
South Dakota, northeastern 26 communication by broken wires and poles, principally 
portion. isseton Peever, Roberts County. Ice 1 to3 inches thick on wires. 
ways slippery. 
San Diego to San Francisco, eS SSS eee | Bae Wind, rain, and | Much loss to shipping industry in San Diego Harbor in the worst storm in 
Calif. snow. years. Wind reached a velocity of 50 miles an hour; trees blown over 
and roofs blown off. The bay’s shore line strewn with stranded and 
sunken small craft, demolished piers, and debris. In Long Beach store 
windows were broken and signs and trees blown down. Storm waters 
swept over the dike between National City and San Diego, making it 
necessary to reroute traffic. Heavy rains washed out a culvert near 
Ventura where 1.73 inches of rain fell. 
Cimarron County, Okla........ PE Biectcamatdetccsacesstulectned $375,000 | Wind and heavy | Heavy damage from blowing soils, it being estimated that 125,000 acres of 
dust. wheat were destroyed; the money value given being the cost of labor 
and seeding the acreage destroyed. 
Snow, wind, elec- | Farm houses and buildin and roofs blown off. Large barn, 
Montgomery Counties, Iowa, ‘ 12 cattle, hay, and a milk house burned. Highways hazardous because 
and vicinity. of glaze under 3 inches of snow. 
Beadle, Miner, Faulk, Sanborn, | 29-31 |........-.--- by * .---| Wind and glaze...| Wires ice-coated as much as 1% inches thick; telephone and power service 
=! Hamlin Counties, 8. disrupted; highways very slippery. 
500 | Electrical... ...... Property damage. 
9,100 | Thundersqualls...| These storms prevailed over practically the entire State. Property damage 
reported at Carabirdge, Princeton, and Freeport. At Golden and Paw 
Paw loss unestimated, but little damage to trees and buildings. 
Marysville to Oketo, Kans_..- 30 | 440-1,760 |_..... This storm had tornadic characteristics. 2 persons injured; large number 
of farm buildings wrecked or damaged; path 9 miles long. 
Springfield, Jefferson City, 500 |..... These small] storms had tornadic characteristics. Damage mostly to out- 
Pleasant Hope, Fulton, Mo., buildings and porches. 
vicinity. Property 4 
Nashville, Tenn........---.---- Wind and rain._..| Electric service in ted and basements flooded. 
Green and Rock Counties, Wis. Windsqualls_......| Smal] buildings demo and several barns damaged. 
Heavysnow.......| Highways blocked. 
LATE REPORT FOR NOVEMBER 1936 
Templeton, Fla., vicinity of... © hiatteecceche 67-100 |...... $800 | Small tornado....- Fruit, amounting to about 2,000 boxes, blown from trees; 24 trees uprooted; 
path 2 miles long. 
1 From press reports. O 


Departure (°F.) of the Mean Temperature from the Normal, December 1936 
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PUBLICATIONS OF THE U. S. WEATHER BUREAU 


A list of these publications: may be obtained by application to the “Chief, U.S. Weather 
Bureau, Washington, D.C.” | 

Annual subscription to the Monraiy Weatner Revisew—domestic, $1.50; single copies, 
15¢; foreign, $2.25. Subscription to the Review does not include the Supplements, which are 
issued irregularly and are for sale by the Superintendent of Documents. Supplements will 
usually be abstracted in the Revizw, and the price of the particular Supplement will be there 
announced. 


Detailed climatological data for the United States and its Territories may be purchased 
from the Superintendent of Documents as follows: 


A volume issued monthly entitled “Clinatological Data for the United States, by Sections” 
(each section corresponding to a State, except that some small States are combined in one 
section) comprises all but Alaska, Hawaii, and Puerto Rico. By subscription, 12 months and 
annual summary, $4; single months, 35¢. Individual sections, by subscription, 12 months, 50¢; 
single month,5¢. The individual section prices apply to the reports of Alaskan, Hawaiian, 
and West Indian services, the last named including Puerto Rico and the Virgin Islands. 


PREPARATION OF MANUSCRIPT FOR PUBLICATION IN THIS REVIEW 


The following memorandum in regard to preparing manuscripts for publication is repro- 
duced from the regulations of the Department of Agriculture with respect to effecting economies 
in the public printing: 

Authors will prepare their manussripts with the utmost care to avoid errors in data, statements, or conclu- 
sions; to include only essential matter; and to arrange the material in the form considered final by the authors. 


Authors should consult workers on related subjects in other bureaus before finally submitting their manuscripts 
for publication, and all differences of opinion should be settled in advance. 


The Weather Bureau desires that the Montaity Waatuer Ruview shali be a medium of 
publication for contributions within its field, but the publication of a contribution is not to be construed 
as official approval of the views expressed. 


PROOFS AND REPRINTS 


In order to maintain the schedule with the Public Printer, no proofs will be sent to authors 
outside of Washington, D.C. Requests for a limited number of reprints of the more important 
contributions can be granted. Such requests should be made by the author on the first page 
of the manuscript. 


MISSING NUMBERS 


Missing numbers of the Review will be supplied gratis when application therefor, addressed 
to Chief of Weather Bureau, is received within 3 months of the usual date of receipt of the 
missing number. Applications filed at a later date should be accompanied by the price of the 
Rxvinws desired, 15¢ the copy, and be addressed to the Superintendent of Documents, U. S. 
Government Printing Office, Washington, D. C. 


Certificate —By direction of the Secretary of Agriculture, the matter contained herein is published as admin- 
istrative and statistical information and is required for the proper transaction of the public business. 
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